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How to get Stee 
More QOuickh 


A practical suggestion that may help you 


K/JrEED your steel by sending open orders 


(not inquiries) to a dependable source of supply. We are glad to 
receive all inquiries and give them prompt personal attention but 
with today’s emergency demands there is a chance that certain 
stocks may become depleted while the request for quotation is 
being handled. 

Here at Ryerson, stocks are remarkably complete, deliveries 
are prompt. Out-of-the-ordinary demands may. however. tem- 
porarily deplete our stock of a particular size. Because of recent 
experiences our advice is this: If you need steel, order it! Don't 
wait for quotations. An open order to Ryerson will get you the 
same price, and, will be shipped at once. 

Have no hesitaney in placing an open order, for Ryerson 
stands on its 99 year reputation as a reliable, one-price house. 
You will save valuable time, and more important, you will have the 
steel you need when you need it. Joseph T. Ryerson & Son, Ine. 
Steel-Service Plants at: Chicago. Milwaukee. St. Louis. Cincinnati. 


Detroit. Cleveland. Buffalo. Boston. Philadelphia. Jersey City. 


RS 
VSR 
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E TUNGS 


ome satutian 


or — 


\N THESE TIMES OF NATIONAL EFFORT 
| » tune our industrial machinery for defense 
eeds, no item is more important than cutting 
tools. War 


r new forces requires vast quantities of ships, 


is mechanized and the arming of 


iirplanes, tanks, guns, automotive equipment 


ind other ordnance material made of metal. 


lhe production of such implements of war 
requires cutting tools of the highest quality in 
quantities never before produced. 

lhe majority of these cutting tools are made 
th speed steel, containing about 18‘: of 
sten 


as its principal constituent, together 


| of chromium and 1‘. of vanadium 


riety commonly known as “IS8-1-1". 
Smatter quantities of high speed steels contain- 
li’, tungsten are used. Several types of 


leel having still lower percentages of tung- 
sl ire used in limited amount; for example. 
s hot die 


steels contain 8&8 to 15‘ tungsten, 


shing steels contain about 4‘. tungsten, 

vV steels about 1° tungsten. 

lditional uses of tungsten in alloy steels 
other purposes have been enumerated 
Editor in the section on tungsten of an 
mn strategic metals in the February issue 

stellite 


lools and hard facing, tungsten carbide 


\. Progress. These include for 
tools and hard alloys, austenitic valve 
ul valve seats, armor piercing projec- 
sion resisting gun liners and magnet 


i the form of the pure metal, tungsten 
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| SEPUATION 


By Joseph V. Emmons 
Met llur lis! 


is also used for lamp filaments, X-ray targets. 


and electrical contact points. It is, however, 
estimated that a high percentage of the tungsten 
times 


consumed in the United States in normal 


(perhaps 70°.) is used in high speed steels fo 
cutting tools. 

The tungsten available in the world’s mat 
kets is limited at all times, the largest supplies 
the United 


States produces part of its requirements. Fig 


coming from China and Burma. 
ures on tungsten in the table (page 128) are from 
the Minerals Yearbook of the Bureau of Mines 
for 1039, the data the years oo 
1910 added authoritative sources. It 


be observed that for the last four vears of res ord 


with for and 


from will 
(1936 to 1939 inclusive) the apparent consump 
tion of tungsten metal totaled 23,800,000 Ib.. of 
Which 12,791,000 Ib. or of was shipped from 
domestic mines, while 11,110,000 Ib. or 16 Was 
imported, 

A glance at the 


Huctuation in demand for tungsten. Our present 


figures indicates a wide 
interest is in some vardstick wherewith we can 
measure the expected requirements in the stren 
that the 
figures for steel production will be such a meas 
the 


speed steel, since its principal use is for machin 


uous months ahead. It is thought 


ure at least of requirements for high 


steel: likewise steel production is an 


ing 


accepted index of general industrial activity 


lor this reason the statistics of steel production 
added to Table I, the 


have been and ratio 


Page $27 




















Table | — Statistics on Tungsten and Steel Consumption 
“IGUR : TUNGSTEN ( 000 Lr. or \ ) sai 
FIGURES FoR TUNGS1 I 1 Le. or METAL Gres Le. TunasTex 
, cn . 
YEAR APPARENT INGOTS PER ent defense progr: It 
SHIPMENTS Imports (a) Exports (a) ,, (d) TON STEEL . ty 
CONSUMPTION certainly was in 1 
1910 1,733 1941 89 3,585 28,172 0.127 At present th, 
1911 1,084 146 (b) 1,530 25,792 0.059 demand for tun: {ey 
Q1° 966 54° 9) R08 9° ae . » 
A912 1,266 1,042 (6) <,505 33,919 0.083 from our defense j. {ys. 
1913 1,463 2.047 (b) 3,910 33,914 0.104 telen ta vamiiie 1 
| 1914 942 775 (b) 1,717 25,558 0.067 cSeS OS SRpeeny SACrens. 
1915 2,219 1,848 (b) 1,067 35,038 0.116 ing while receipts rom 
| > - now P “4 oa + o- . 
1916 5,637 1.304 615 9,326 16,370 0.201 abroad are uncer aj; 
( - - 4” ~- - 9) »( > ‘ > Or sé 
1917 9,847 D004 2,489 8,412 tS8.854 0.172 A tungsten sho TT 
1918 1,817 12,233 1,319 15,731 $8,217 0.326 . oo 
1919 311 10,388 11 10,658 37,738 0.282 Ss eee Paeperiom 
1920) 206 1,203 5 4,404 15,787 0.096 has already developed, 
1921 2.257 ve 2,257 21,531 0.105 despite the U. S. Goy- 
gos ‘ " ‘ - 22747 - ; . 
1922 2,908 l 2.907 38,717 0.075 ernment’s effort to uild 
1923 229 79 i 304 18,704 0.006 ea 
‘ rao P siete anni aA i SLOCK S i No S 
1924 038 142 3 677 $1,228 0.016 . a. a | 
1925 1,133 1,694 10 2.817 19,438 0.057 far back as October, 
1926 1,315 2 884 24 $175 52.569 0.079 1939. Toolsteel many 
1927 1,108 2,198 16 3.290 19.030 0.067 facturers have he 
1928 1,150 2,969 13 1,106 56,364 0.073 , ; 
- tay teen ares wy sa urged by Mr. Knupsey’s 
1929 790 6,446 82 7,154 61,432 0.117 - . 
i . >» 
1930 668 3,998 24 1.642 14.347 0.105 Oflice of Productio; 
1931 1,336 189 846 679 28,480 0.024 Management to. giv 
1932 377 106 113 370 15,080 0.025 every consideration { 
933 852 379 683 D48 25,642 )2 . 
, : ; ares oi en amet the use of substitutes 
1934 1.90 94 263 2,341 29,062 0.081 ‘ 
1935 2,279 892 798 2,373 38,013 0.062 for tungsten wherever 
1936 2.486 3,767 104 (ce) 6,149 53,214 0.115 possible and to empha 
1937 BD 5,696 (b) 9 027 96.356 0.160 size the desirability of 
938 2,897 2 ) 3,05! 31,596 Q7 : 
1938 894 162 (b 3,009 31,096 0.094 such substitutes to the 
1939 1,080 1,485 (b) dv00 I2,088 0.106 
1940 . oe: whi 10,000 (a) ~—- 66,674 0.150 customers. 
A similar situati 
(a) Partly estimated. (b) Figures not available. (¢) Complete data not available. developed in 1917 an 
(d) In thousands of net tons; from GANo DuNN’s report to the President, Feb. 22, 1941. ) . . 
, , 1918 at which time ther 
was such an acut 
figured, vear by year, of tungsten to steel. The shortage of tungsten that the price of high spec 
first chart shows graphically these statistics. steel went to 33 a pound, with an insuflicient 
It seems that there is a fairly close relation- supply available even at that price. Fortunate! 
ship between the steel production and apparent many factors have operated to change the pi 
consumption of tungsten. A severe dislocation ture materially from the one of 1918. First, 0 
of this relationship is, however, noted in the the favorable side: The peace-time productio! 


of tungsten in this country has increased; s* 


war years culminating in 1918 and in the fol- 
ond, the development of an immense supply o! 


lowing depression years. This is more in evi- 
dence in the second chart, showing the pounds molybdenum in this country gives us a subst 
tute which, for use in high speed steel, appears 








of tungsten apparently consumed per ton of 
in proper combination to be actually superio! 


steel produced. 
to tungsten; third, the discovery of the sintered 


It appears from this chart that tungsten is 
used in greater proportion during boom times tungsten carbide type of hard metal alloys has 
during depression made small amounts of tungsten go a long ways 
in cutting tools for some purposes. 

On the other hand, the greatly increased 


ools 


and in lower’ proportion 
times. The average consumption of tungsten 
per ton of steel produced for the last five years 
of record (1936 to 1910 incl.) was approximately 
0.13 lb. If this ratio under normal conditions 


number of high powered modern machine 
in use has increased the demand for high spec 


be applied to the near-capacity production of steel tools to more than offset the increase¢ 
87,900,000 tons possible for 1941,* it appears amount of tungsten produced in this count 
that approximately 11,375,000 Ib. of tungsten *This estimated “maximum reliabl 
metal would be required for peace-time uses. making capacity” of the steel industry is in (as 
It is recognized, however, that this “normal” DUNN’s report ‘to President DR oosnurs r Feb. 2 
ratio will probably be exceeded during the pres- 1941, page 42. 
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t ‘mated that in 1918, less than 25° of the Molybdenum for Tungsten 
tools in use were made of high speed 
hi hile today the figure is more than 75‘. As a result of the tungsten shortage and 
efore appears probable that our present consequent inadequate supply of high speed 
IS- program will require quantities of high steel in 1918, at least three groups of people in 
AS- steel far in excess of previous experience. the United States, who had been hard hit by the 
- tungsten shortage and its 
_ 22 attendant difficulties, were 
ise Steel Ingots Produced in U.S.A. | moved to do something about 
ons | VT H - it. These were the Water 
mae, 4 56 § town Arsenal group, headed 
call S, 483 8 by Captain (now Lt. Col.) 
uild = < S. B. Rrrenie, the Universal- 
™ 8! “. Cyclops Steel Corp. group 
De © 4 / x28 headed by Frank Gannart, 
- ‘ wi p and the Cleveland Twist 
si rs : “s Drill Co. whose metallur 
SEN'S = 4 \ 16 “* vical department is in charge 
+30 L ey on Pr of the writer. All three 
oie ; V ; i 25 Tungsten Stuprnents ” . 
gl , Saat” ~~ fram Mines in USA. groups worked independ 
nt g i? 34 6 38 A 24 26 2 30 % 34 36 38 4 42 ently and for a long time 
tutes Year without knowledge ol the 
revi Graphical Representation of Annual American Tungsten Production, activity of the others. All 
lungsten Consumption and Steel Ingot Production, 1910 to 1940 Inel, 
pha three made substantial con 
iy tributions to our fundamen 
the lt now appears that in spite of the steadily tal knowledge of the high speed steels in which 
rising price of tungsten ore, encouraging molybdenum is used as the principal alloving 
atic nereased domestic production, and the continu- element. 
—_ ition of moderate receipts of tungsten ore from Molybdenum high speed steels had been 
thet China, the supply of available tungsten is inad- known for many vears but, at the beginning of 
mn equate for our present needs, with our defense these researches, they were considered to be 
- program only beginning! We should now con- unsatisfactory and were not being made com 
cH sider, in view of this situation, what can be mercially. FRANK Garnratr and the writer 
atel done about it. In this connection a little his- arrived at similar solutions of the problem, 
- lorical data may be interesting. namely, that the addition of small amounts of 
ne tungsten to molybdenum high 
clio! 033 speed steel controlled the grain 
4 a growth and improved the cutting 
ly 5 | performance until tools made 
st . | from it were equal to or better 
= = 4 | than tools made from 18-4-1, All 
= g | three groups of experimenters 
orien = early arrived at molybdenum 
has 3 0 high speed steels almost as good 
” S as 18-4-1. Not until the discoy- 
S ery of the beneficial effects of 
a y small additions of tungsten was 
_ Yr, it made better than 18-1-1. 
age 9 VA The original purpose of this 
vale research in the Cleveland Twist 
~ Drill Co. was to free ourselves, 
| and the country in general, from 
AN 4 1 18 20 2 24 6 8B 3 2 3 3 3 40 42 the threat of another perhaps 
- , 4 Year . even more severe shortage of 
ns in Annual Tungsten Demand in U.S. A., 1910 to 1940 Incl., 
tungsten for high speed steel. 


red by the Ratio of Tungsten Consumed to Steel Production 
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The result was the development of the molyb- 
known 


this tvpe of high speed steel the principal alloy- 


denum-tungsten high speed steel now 


under the general trade name of “Mo-Max”,. 


ing element is molybdenum, of which the United 
States has a plentiful supply. 
only in minor quantities for its powerful auxil- 


Tungsten is used 


iary effect. The amount of tungsten required, 
even if all of our high speed steel were of this 
tvpe, is well within the quantity available from 
mines in the United States, for a ton of tungsten 
metal will make 12 times as much Mo-Max high 
speed steel as it would make if used in conven- 
tional 18-4-1. 

The 


radically new type of high speed steel was begun 


commercial introduction of this 
hine years ago to compete with the 
then 18-1-1 The high cutting 


quality, the uniformity and the stable and mod- 


eight or 
standard type. 
erate price have proved such an_ irresistible 
combination that, in spite of great inertia and 
considerable competitive opposition, its use has 
steadily increased to where it probably com- 
prises more than 20° of the high speed steel 
in the United States. Only after its 


improved quality and commercial workability 


used 


had been successfully demonstrated and gained 
substantial headway did other competing types 
of molybdenum high speed steels appear on the 
market. 

During the commercialization of the gen- 
eral purpose molybdenum-tungsten type of high 
speed steel, the need was felt for special purpose 
variations to compete with some of the many 
variations of the high tungsten steels already 
In lo 
there have been developed a number of special 


established. response these demands, 


Table Il — 


Analyses of Comparative Types of High Speed Steels 


tvpes which constitute what may be cal 
“Mo-Max Family of Molybdenum-Tungst 
Speed Steels”. In 
tion, the various members of 


For convenience con 
this fami 
be classified and described in comparis« 
the previously used types. (The appro 
compositions of the principal members 
family are shown in Table II, together wi 
analyses of comparable high tungsten 
Type 1 is the general purpose hig! 
steel available in a wide range of carbo 
tents for different purposes. 
lished in the plants of hundreds of con 
that detailed 
Sullicient to say that during the past ei 
nine vears many thousands of tons of ste: 


It is so well 


description seems unnec 


Stal 
hers 
sary 
ht o 


hay 


been made and more than a hundred millio 


tools have been sold by many tool manufa 


turers. These high speed tools hav 


be 


entirely acceptable to the most discriminating 


trade. 
a particularly low percentage of other sti 


It should be observed that this type has 


ateg 


and critical raw materials (low vanadium, lo 


chromium and no cobalt) and so 


requires 


minimum of the imported alloving elements tha 


should be economically used. — It 


should | 


noted that Type 1 is probably the most easi! 


machinable of all high speed steels. 


vanadium and the addition of cobalt both 


Inc Case 


act | 


decrease the machinability of high speed steels 


especially in grinding. 


Type 2 is in the high carbon, high vanadiu 


Class, which is particularly useful where 


abrasion 


hardness and resistance to 


required, 


are 


i! 


It is suitable for such tools as reamers 


and broaches and for cutting abrasive materials 


Type 3 is a hot die steel, for the most sev 


hot 


coining, 


pr SSINL 


extruding and simi! 


operations, 














SULte 


ype t Tyre2 Tyee3 Typed Typed Type6 Type 7 Pypes 4, 0, 6 and 
are all cobalt 
MoLyYBpENUM-TUNGSTEN Higu Spreep STEELS (Mo-MAXx) 
4 speed — steels, 
Carbon O.S0 (a) 1.00 0.40 0.80 O85 O.SS 0.88 f 1 
ea aia ieee hcl a . . mi: "DOSES 
Molybdenum S./0 8.1/0 >.42 8.40 H.o0 Qo 8.25 ora purp ‘ 
rungsten 1.50 1.50 1.00 1.50 1.50 1.50 150 such steels have « 
Chromium 3.75 3.75 3.50 3.79 3.79 3.79 3.40 themselves a pla 
Vanadium 1.00 200 0.75 1.00 2 00 1.00 200 . ae 
é' : - industry. Thes 
Cobalt 5.00 5.00 8.00 8.00 . 
ws tvpes cover, 1D 
CoMPARABLE Types or Higu TUNGSTEN STEELS ‘I 
Carbon 0.70 (a) O82 0.35 0.70 0.70 0.75 0.82 eral way, the ¢ 
Tungsten 18.00 18.50 14.00 18.00 14.00 18.00 18.50 cobalt high spe: 
Molybdenum 0.70 0.70 field. The h 
Chromium 1.00 1.00 3.00 1.00 1.00 1.00 1.00 
. z ; cobalt contents 
Vanadium 1.00 2.00 0.50 1.00 2.00 1.00 2 00 
Cobalt 5.00 5.00 &.00 8.00 the most seve! 
The higher vai 
(a) Varies over a considerable range for various purposes. contents are fo 
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hay 
Lda 
uta 


asion resistance. Especial attention is 

Pype 6, which has been found particu- 
table for machining very hard steel such 
r plate. All four cobalt types have been 
substantial quantities for several vears 
well established in industry wherever 


sher cost is justified. 


Heat Treatment 


heat treatment of the Mo-Max types is 
on at forging temperatures around 1900 
hardening temperatures around 2200° F., 


bol ibstantially lower than used for 18-14-1. 


Now 


necessitv for 


speed steel markets. under the stress of 


the urgent national defense, it 
offers the best and most desirable solution of 
the problem of providing an adequate supply 
of high speed cutting tools. It will do this with 
out the necessity for increased expenditure, for 
the steels are marketed at a substantial saving 
over the cost of 18-1-1, 

It has been estimated by L. 
in Steel, March 17, 1941, page 24, 
ent demand for high speed steel is at the rate of 
20,000 tons annually. If this were all to be 18 


7.200.000) Ib. of 


GeRALD Firri 


that the pres 


tungsten steel, then tungsten 


would be required for high speed steel alone 
(figuring 100°. recovery in the steel 


furnaces). If, on the other hand, 


fable 111 — Other Molybdenum High Speed Steels 


this 20,000 tons of high speed steel 














Type A Type B > TypeC  TypeD Type E Type F were all Mo-Max, only 600,000 Lb. of 
0.85 0.80 0.80 1.25 0.70 0.85 tungsten would be required. This 
Molybdenum 7.00 9.00 1.00 7.00 8.00 6.00 would release approximately 6,600, 
sten 3.00 6.00 OOO Ib. of tungsten for other uses 
( ium 1.00 1.50 1.00 $1.50 5.00 100 ae 
a page eae mt Phirteen of the principal manu 
\ dium 2.20 2.20 1.60 3.79 1.29 l.7o ; 
Cobalt 3.00 facturers of high speed steel in the 
I 0.15 United States are manufacturing 
this truly strategic alloy under thei 
own brand names as follows: 
lhese lower temperatures reduce the costs of 
COMPANY Branp Nami 


heating by longer furnace life and lower fuel 
costs. The working conditions are also improved 
by the substantial reduction in operating tem- 
perature. ‘lempering temperatures are similar 


to those used for 18°. tungsten steels that is, 


rbout 1050 F. 
the molybdenum high speed steels are 
known to deearburize slightly more readily than 


8-1-1 when exposed to oxidation during heat- 


ny. The amount of this decarburization has 
been greatly exaggerated in the minds of people 


; 


not thoroughly familiar with the phenomenon. 
\ number of 


ivailable for controlling this tendency; in fact 


commercial methods are now 


the best available methods are none too good 
lor any high speed steel. 

recent vears, several additional types of 
m hdenum high speed steels have been 
iced commercially by various steel manu- 
rs to compete with the original molyb- 
tungsten types. 


I] ted in Table III. 


h a substantial number of consumers of 


Some principal ones are 


eed steel have already standardized on 
. either completely or in part, that it has 
provided considerable relief from the 
shortage. It has also had a definite 


g effect upon the tungsten and the high 


Allegheny Ludlum Steel Corp “LMW” 
Pittsburgh, Pa. 
Bethlehem Steel Company 


Bethlehem, Pa, 


‘Bethlehem HM” 


Braeburn Alloy Steel Corp “Mo-Cut” 
Braeburn, Pa. 
Carpenter Steel Company “Star Max” 


Reading, Pa. 

Columbia Tool Steel Company 
Chicago Heights, Il. 

Crucible Steel Co. of America 
New York, N. Y. 


“Molite MT” 


Henry Disston & Sons, Ine Di-Mol” 
Philadelphia, Pa. 

Halcomb Steel Company Rex T-Mo 
Svracuse, N. Y. 

Jessop Steel Company Mogul 
Washington, Pa. 

Latrobe Electric Steel Company “Tatmo” 


Latrobe, Pa. 

Simonds Saw & Steel Co eh he 
Lockport, N. Y. 

Universal-( velops Steel Corp 
Bridgeville, Pa. 

Vulean Crucible Steel Company 
Aliquippa, Pa. 


“No-Tung” 


“Vul-Mo” 


It is evident from this list that Mo-Max ts 
now in full production on a scale comparable to 
18-4-1. 


a shortage, or threat of shortage, of 18° 


All who are handicapped in any way by 
tung 
sten high speed steel can shift to molybdenum 
tungsten with full confidence of many available 
sources of supply. S 
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YONSIDERABLE ADVANCES HAVE BEEN 
C made in the art of centrifugal casting dur- 
ing the past ten vears. However, the immensity 
of the field of application of centrifugal casting 
has only been scratched. The fact that many dif- 
ferent sizes and configurations of castings can 
be centrifugally cast has not been generally 
known. 

When the subject of centrifugal casting is 
mentioned, the average engineer ordinarily 
thinks of cast iron pipe. The next thought is 
of iron liners and of various cylindrical castings 
usually of a high alloy or non-ferrous metal. 
In general, he thinks of centrifugal castings as 
being made on horizontal centrifugal casting 
machines, since this process has been in use for 
vears with marked success. 

Until recently, the use of centrifugal casting 
machines with axis vertical (or at any inclina- 
tion to the horizontal) has been neglected. This 
neglect has been unwarranted, as the field ot 
application for vertical centrifugal casting Is 
much broader than that for horizontal casting. 
The Editor of Mrerat ProGress commented on 
this is his “Critical Points” last May, in giving 
the principal details of machinery and casting 
practice for propeller blade bushings cast ot 
aluminum bronze. 

Phe horizontal machine is best applied to 
castings of greater length than the diameter and 
which have a ecvlindrical bore. The vield 


approximates 100°, (that is, there is no waste 


STIN | 


By Nathan Janco 
Consulting Engin 
Tulsa, O} 








in runners or risers), but of the general run ot 











castings very few have the proper shape fo 
this type of machine. On the other hand, pra 
tically any size and shape of casting may |x 
poured in a vertical casting machine. This is 
rather broad statement, but is true technically 
however, certain size castings and those having 
unhandy configurations are not economicall 
poured in vertical machines at the present time 

The question will immediately arise: “Why 
pour castings in a machine when they may b 
successfully cast statically?” The primary 
reasons are (a) to obtain better quality cas! 
ings, (b) to produce castings more economical! 
and (c) to cast a part which cannot be salis- 
factorily cast statically. These reasons do no 


vo hand in hand as certain castings 


necessarily g 
are centrifugally cast to increase the vield 0 
to decrease cleaning room expense without ha) 


Usuall 


Its 


ing any idea of affecting the quality. 

however, some improvement in quality resu 
Steel castings statically poured with 

of 40 to 55% may be centrifugally cast! 

a vield of 65 to &d‘e. 


force of gravity through the liquid metal 


Instead of us 


heads to obtain sound castings, use is m 
centrifugal foree. Thus, heads are s 
required (but if necessary in rare ins 
much smaller heads are used). Cleanin 
costs are therefore considerably re 
Denser castings result with physical pre 


comparable with those of forgings. ‘This 
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rable. but is reserved for later consideration in an 


] 


wn metallurgy; at this place it is primarily desired to 

_] ntion to the wide field of casting open to foundrymen 
the vertical machine. 

trifugal castings are pressure castings, akin to forg- 

When a piece of 
orged, it is heated 








i A True Centrifugal Casting Weighing 
to perature at which 9 Lb. in Which the Central Hole Is 
t] tal is relatively Formed by Centrifugal Force. The 
. — method requires a nice adjustmen 
St | pliable and pres- y ce adjustment 
; of the amount of molten metal 
sl then exertec upon poured, else the axial hole is too 
thre tal while it Is in large for use, or so small it requires 
tlie istic state. A large an excessive amount of machining 
pre tion of the forging 
work is done to move the 
nco pl is metal about to Another advantage Is 
sive a proper external that the percentage of 
shat In centrifugal rejected castings is 
casting, pressure. is reduced. Bad castings 
exerted upon the metal come from human errors 
rt ! 
while it is in the molten and are no more preva- 
state, requiring less force lent in centrifugal cast- 
to obtain a similar effect ing than in static casting. 
in ol namely a proper shape Moreover, centrifugal 
"Or nd sound structure force assists In counter- 
yrac- Moreover, no flow lines acting some human 
v he exist. as in a forging errors which otherwise 
. . ‘ < _ >* 
is a rhe centrifugal casting would result in a= bad 
ally; has equal toughness in all casting. There is greater 
05 toe : . - = , . 
ving directions. which is not A 95-Lb. Steel Casting Made in a ¢ entrifugal leeway in the foundry- 
’ 5 Mold Containing a Central Core. This method man’s efforts to obtain 
- — . _——— . . : . < os i TOTS i 
La true of a forging. may be called “semi-centrifuqal casting 
ime good sound steel castings 
Why , and at the same time do 
; ‘ BE . 
v he the job much more economically. 
nari Let us consider the various methods which 
cast can be used in vertical centrifugal casting. 
eally S Three methods will be described, whose prod- 
atis- ucts are nominally called “centrifugal castings”. 
- nol Actually, only one of the products is a true 
ings centrifugal casting. 
d ot Meruop |, or True Centrifugal Casting: In 
hay this method, the casting is rotated about its own 
illy axis during solidification. Ihe casting may 
ults have a evlindrical hole through its center o1 


mav be solid In the latter case the metal of 





the solid center will be inferior in quality to 
that at the pe riphers ln anv event, no central 
core is used lhe metal solidities from the out 
side toward the center, which results in- the 





highest qualitv of metal at the surface. Yields 


, appro: j iH) AN yf) | that 
Casting” by Placing Mold Cavities Towerd pproac hing | ma be obtained ae 5S, 
of the Spinning Flask. Valve pluas, tw there are no sprues, gates, risers or sink heads 
) mere / } ee. I, . — 
fypes, weight 4 and 4.5 lb. respectively to remove and remelt, lvpical castings of this 


ast in dry sand. Yield is 74% as compared 
ivpe are small gear blanks, gears, cutters, bush 


r conventional foundry practice requiring 
sink heads to insure dense, leak-proof metal ings and liners. Frequently, of course, the cen 
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tral and finished by machine 


shop operations. 


reQioh IS open, 


Meruop Il, or Semi-Centrifugal Casting: 
This is very similar to Method I but, due to the 
irregular contour of the central bore, a core is 
(A revealing sketch of such molds used 
Motor Co, Meral 


Progress, May 1910, page 526.) As cooling takes 


used, 


by Ford may be found in 
place from the periphery toward the center and 
from the center toward the periphery due to the 
center core, the quality is similar to a_ static 
casting made with extremely tall heads. Gates 
of various types may be used, some of which 
serve the function of a head, some merely for 
a pouring basin. THlydraulic heads of over 100 
equivalent feet of molten metal are possible by 
centrifugal force! Meriop Il is adaptable to a 
wide variety of castings such as jaw clutches, 
sheaves, gear blanks, casing heads and flanges. 


Meruop TL, or This 


refers to the use of centrifugal action generat- 


Pressure Casting: 


ing a high pressure to force the molten metal 
into the mold (rather than to the use of the 
resulting casting to resist high pressure). 
This method is used for unsymmetrical cast- 


ings which cannot be spun about their own 


axes. As shown in the third halftone on 
page 433, the mold is arranged so metal 


is poured into a gate or cavity placed at the 
center of rotation. Molds for the castings are 
arranged symmetrically about the center of 
rotation with gates leading to each from this 
The 


looks like a shaft with spokes extending there- 


central down gate. resulting casting 
from, having individual castings at the ends 
of the spokes. Merernop IIL requires a high 
degree of technique and experience to design 
properly the gating and spacing of the indi- 
vidual castings about the periphery. Usually, 
only small castings are pressure cast, such as 
unions, valve bodies, gates and plugs, and 
intricate castings which otherwise would vield 
large quantities of sprue scrap. 

It therefore appears that the term “cen- 
trifugal casting” is no longer adequate; more 
specific terms should be used. There is first 
the true centrifugal casting which is spun 
about its own axis, has no central core, and in 
the the 


periphery toward the central axis. Second is 


which cooling takes place from 


the semi-centrifugal casting which is spun 
about its own axis but does have a centrally 
located core; in this variety solidification pro- 
the the 


well as periphery 


axis toward 


the 


ceeds from central 


periphery as from 


toward the axis. Third is the method « 
sure casting in which the castings are ar 
the 


normal type of cooling takes place in | 


symmetrically about center of re 
in a static casting. 


Any metal which can be cast statical 


be centrifugally cast as well. Metals 
have a relatively large amount of shi 
upon solidifving and cooling, such as 


show the greatest savings economically 


few advances in the casting of metal 


been made in the last hundred years. F: 


work is still too much of an art, and thy 


certainly is to put foundry work on a 
tific basis. Better metal, denser castin 
decreased costs are daily being. strive 


Centrifugal casting is a step along the p 


are seeking. It may even be the answer. 


Inspector Places Capsule Containing Radium Sui 
Cenier of Outlet in Naval Turbine Casting. Fil 
been strapped around 3-in. flange, and gamma ri 
the will that will 
any tntertor porosity at this important region. i} 
Electric & Mfq. Co., Lester, Pa., Steam D 


radium make a shadowgraph 


house 
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; sAL PO S 


by the editor 


yE VISITING RUSTLESS IRON & STEEL 
it Corp. and find the plant enlarged almost 
bye d recognition in 18 months. Two new 
electric furnaces provide a 75,000-ton annual 


ngol capacity in all, exclusively rustless chro- 


m steels, one of the largest outputs of any 
plant in the world. Epwarp Geary, assistant 


vice-president, was busy with problems arising 
from the rationing of nickel. Nickel is in fact 
subject to priority and unfortu- 


Rustless’s = nately now obtainable only for 
Output defense orders, when accom- 
Expanded panied by proof in the form of 


Government job or contract 
numbers. While it is ordinarily difficult to get 
permission to substitute one material for 
mother in official specifications, it is worth a 
iry when 18-8 stainless is satisfactory and pure 
nickel or high nickel alloys have been ordered. 
Likewise the straight chromium steels have 
enormous potentialities, and can doubtless be 
used in many places where 18-8 is now stylish. 
\ whole family of 12 to 14°. Cr steels (improved 
for special applications by either aluminum, 
tungsten or molybdenum), as well as the 16 
Cr, 114 Ni alloy, is now commercial and 
backed by a growing number of applications. 


Was impressed by the large battery of 


swing grinders, working over the entire surface 
al ots and billets; cost of the grinding wheels 


lone passes belief. Surface of stainless steel 


iruicles is everything — a trite saving, but never- 
theless re-emphasized in every operation in 
vUls sss mill, devoted to bars, rod and wire. 
H Tr techniques ol electrolytic polishing and 
hy . ; 
annealing were commercially applied 
‘irst seen by this observer).  STANLey 
WarkINS, manager of develop- 
Bry king , : a | 
Ss nent, pointed out a new method 
ci by saa 
\ of loosening difficult scale on hot- 
folion i ve 
( rolled or forged material. The 
2 < 


chromium oxides that are formed 


at high temperatures are notoriously hard 
to cul by acid, so the scaled metal is hung 
for a few minutes in a large tank of molten 
caustic (at about 750° F.) and made cathodic 
by an electric current of about 25 amp. per sq-ft. 
Sodium plates out on the metal, tends to reduce 
the oxides without attacking the metal unde 
neath.. Up and out into a water quench the 
steel is fairly clean, and in such shape that the 
subsequent dip in nitric-hydrofluoric acid solu 


tion cleans the surface perfectly and promptly. 


Ovr to Baldwin Locomotive Works, sprawl 
ing in 12 huge buildings over 520 acres at Eddy- 
stone, south of Philadelphia, and found it a 
strongly guarded arsenal making gun mounts 
and tanks. Once busy and turning out ten 
locomotives a day, during the 1950-depression 
the plant was all but shut down. A spark of life 
glowed in the shop housing the Southwark divi- 
sion, where hydraulic equipment and testing 
machines were being made. Francis TATNALL, 
sales manager for testing machines, explained 
“volume production” methods designed = to 
deliver one tension-compression machine every 

day, precise enough for 
Tension Testing research work into 
Machines and 
Hydraulic Presses and rugged enough for 
From One Shop all-too frequent use as 


physical properties 


a hydraulic press. All 
the forgings and castings are made and machin 
ing done in shops able to build presses up to 
20,000,000-Ib. capacity, and so the production of 
the loading and load carrying devices for test 
ing machines is an economical adjunct of 
another important line of endeavor. (Whether 
the testing machine business is the tail and the 
hvdraulic press business the dog depends on the 
proportion of orders going through.) A consid 
erable degree of standardization also makes for 


economy: for instance, all machines below 
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60,000-Ib. capacity look alike for they use the 
same patterns, a matter which enables the shop 
to produce parts by the dozen rather than one 
at a time. The load-measuring device is the 
well-known “Emery capsule’, in itself essen- 
tially a hydraulic ram of infinitesimal move- 
ment, and which serves as cylinder head for the 
hydraulic load-producing cylinder, This capsule 
is made and calibrated in an appropriate range 
of sizes by the A. H. Emery Co. in Stamford, 
Conn. (legatees of the builders of the famous 
old Watertown Arsenal testing machine, still 
among the best in size and precision after 60 
vears). Capsules, indicating dials, motors, 
hvaraulic pumps and control valves, instrument 
panels and automatic recorders are therefore 
merely items on the assembly line at the South- 
wark plant. TATNALL makes much of the 
response and ruggedness of his testing equip- 
ment, and proves his point by telling how one 
of the largest sizes has been readily adapted 
into a huge, high speed, precision metal working 
press for the study of forging and extrusion 
processes. .... Visited, hurriedly, Paut Irwin, 
engineer of tests for Baldwin Locomotive Works 
and subsidiaries in Eddystone. The ancient 
laboratory is being rapidly modernized, in keep- 
ing with the type of work now current. Instead 

of spending most of the effort 


Modernized on seeing to it that staybolts 
Materials for XY Ry. conform to the 


Laboratory XY’s. physical specifications, 
InWIN is using the modern 
techniques of X-rays, photo-elasticity, strain- 
gage rosettes, and brittle coatings which show 
Liiders lines, in his study of movements in 
riveted boiler seams, stresses and strains in cast 
steel locomotive driving wheels, deflections in 
welded underframes of diesel locomotives, and 
internal conditions in cast and welded gun- 


mount parts. 


EXERCISED a yearning for fast, safe and com- 
fortable travel (on the ground) by riding from 
Philadelphia to New York on the Reading Rail- 
road’s “Crusader” — “sheathed in gleaming 
armor of stainless steel”, to quote the lyrical 
advertising agent. (A photograph of this Budd- 
built train was used on our cover for September 
1939.) 
respect, this train is hauled by steam, 80 miles 


Luxurious yet functional in every 


in 80 min., through some of the densest railroad 
traffic in the world. Strange more people do 
not prefer such a conveyance, or the Baltimore 


& Ohio’s “Royal Blue”, with a ferry ride across 
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the Hudson in full view of the magic New or} 
skyline, to a cattle train that ducks them | aq. 
long under the river and dumps them out | thy 
cellar of an imitation Roman bath hous« 

Saw again the top of the American Rac ato, 
Co.’s building, near the P. jj, 
Library, and noted thal thy 


Effect of 


Smog on gold 
nacles 20 vears ago is. stil] 


leaf placed on its  pip- 


Exposed 

Sate Baten gleaming, naturally untar. 
nished, but remarkably 
unsooted and yellow...... On the contrary, (ook 
some soap and water and tried to wash the dirt 
off a stainless steel pilaster outside JOHN M prs 
windows in the Empire State Building. (i 
graduated long ago from Mera Progress to 
Steel Facts, publication of the American Iron 
& Steel Institute.) Some powdery dirt came off 
easily, and the surface underneath was smooth 
as glass, but its color is no longer steel blue but 
dirty gray. The reflection from stainless steel 
decorations, unwashed after years of exposur 
to smog, is like white sunlight from black glass 
ace Together, JoHN and I, we went up to th 
Airlines Terminal, newly built across 42nd St 
from Grand Central. Over the portal is a hug 
map of the world — colored stainless. steel, 
much praised by the builders. To me, it 1s 
violence to cover stainless steel with any mate- 
rial, sure to be far less durable, and therefor 
the stark, clean escalator, gleaming bare stee! 
is far more beautiful... .. Took another look at 
the cast stainless plaque ove! 
one of the entrances in Rocke- 
feller Center, and it looks bet- 
ter the second time. (Som 


Decorations 


of Stainless 


night it may be properly illuminated.) — Th 
lobby wall of the Time-Life building — in th 
same architectural marvel — supports som 
wooden sculptures by MILLes, so waited around 
until his silly little metal bird flapped his wings 
and cuckooed out the hour, to the accompan!- 
ment of horrid grinding of gears. They had 
rather picked up some parts from a Model ! 
ree Also went out to the Clcisters and sa 
some old stone gargoyles. 

Comparative grading from low to hig! 
and if that be trease 
to metallurgy, make the most of it. 


Wood, stainless, stone 


To tHe Eprror’s desk come several | ai! 
from several directions about the draft 1g 
technical men into the national army, © usils 
dislocations in defense industry diffic !t ' 
remedy. This unfortunate situation is li) ‘ly! 
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se before it gets better, what with the 
iv enrollment of draftees, unless super- 
nd employers bestir themselves.... 
the greatest diversity of practice by the 
ift boards. Some overlook the fact that 
ctive Service Act gives priority to the 
on of material supplies over the train- 
an power in the national army. On the 
de, many young men mistakenly assume 


| verges on the unpatriotic to ask defer- 
ni account of occupation..... When ask- 


deferment, a better case can ordinarily 
he de for metallurgists in production jobs 

than for men in the research 
Deferment of laboratories. (Strange 
Draftees 


Necessary for 


hypothesis, that experimen- 
tal work is of no great value 
Dreduction to preparedness!) It would 
therefore be desirable for 
execulives to survey their staffs now, seriously 
study the type of work done by each man of 
draft age, and get an agreement among the 
responsible officials in the plant as to which men 
should properly be deferred as necessary men 
to munitions production. These potential draft- 
ees Should then be informed of the facts and 
instructed to retain their questionnaires, when 
received, until necessary aflidavits can be 
attached. These aflidavits as to nature of occu- 
pation should be signed by as high an oflicial 
n the company as possible, since draft boards 
frequently hold that departmental supervisors 
or personnel managers ask for deferment of 
their men principally to avoid the trouble of 
replacing them. Such questions as the follow- 
ing should be clearly and vigorously answered: 

What is the nature of the occupation of the 
registrant? 


Hlow does it contribute to the self-preservation 


this nation, directly or indirectly ® 
is it an occupation or skill difficult to learn, 
ind one in which there is now, or soon will be, an 
ict ind serious shortage? 

What will be the effect upon this activity il 
Is lividual is taken for military training and 


the necessity for speeding up in rearma- 

n en given sufficient consideration? 
President has said that the United States 
come the great “Arsenal of Democracy”. 
his registrant in his present job contribut- 

ne accomplishment of this object? 
he local board refuses an occupational 
nt to such a man, carefully selected by 
es in his company, the draftee should 
irged to appeal to the State Board, in 
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the manner directed by law, and be given every 
proper assistance in this appeal. The basis of 
the appeal must be that the local board has not 


correctly weighed all the pertinent facts. 


ON HEARING from someone that neither the 
Shepherd nor the Swedish fracture standards 
are now available, inquired of Ben Suepierp, 
past president @, what the true situation is, and 
he writes that sets will again be available soon. 
Manufacture is not a very easy task. Originally 
it was decided that the bars must be large 
enough to give a good area for comparisons, say 
a “y-in. round. Also that the fracture must be 
uniform all over (it’s easy in a 'y-in. round; a 
‘;-in. round is something else). Lastly, the 
break has to be square, to avoid light and 
shadow effects. Even though a definite manu 
facturing procedure is followed, the result is not 
entirely predictable, vet the grain size must not 


vary from correct in the slightest 


Origin degree Che origin of the mat- 
of the ter is interesting. SHEPHERD was 


Fracture long concerned with “body” or 


Standard 


“personality” of toolsteel, and 
had been using a group of home- 
made fracture specimens as references in grad 
ing his firm’s purchases. When visiting in 
Sweden early in 1930 he acquired a set of 
20-mm. square bars, said to be “Jernkontoret 
standards”; most of these had a case and core 
and the fracture standard referred to the case. 
Later he compared them with another set from 
another steel company and found they did not 
correspond, so he accepted the challenge to do 
a better job. To quote Surruenn’s letter: “We 
forgot the Swedish intervals and made set after 
set, separating adjacent fractures a little here, 
pulling others closer together there. This grad- 
uation was entirely by eve; the only criterion 
was something similar to that in a musician's 
ear which hears a note slightly sharp or flat 
The fractures were moved until they all 
appeared in harmony. How well this was done 
was proved by EpnGar Bary, who obtained from 
me a great many broken and graded fractures, 
and measured their grain size metallograph- 
ically. The grain diameter when plotted against 
A.S.T.M. grain size gave a straight line quite 
a compliment to the accuracy of our original 
work. Another compliment (or coincidence’) 
is that an entirely different tvpe of Swedish 
fracture standards has now come into being. 
They are small pieces in a series which checks 
the Shepherd samples exactly!” 
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cast iron 


menadione: rings 


(71TH THE ADVENT OF FLAME HARDEN- 

ing by the oxy-acetvlene torch, rapid 
advances have been made in the surface hard- 
ening of cast iron and steel whereby a hardened 
surface is produced without distortion and at 
the same time the desirable properties of the 
soft core are retained with its high shock resist- 
ance and ductility. 

Cast iron with suitable chemistry to permit 
such a procedure must be used. The general 
tvpe found suitable in our practice is as follows: 
2.00 to 2.50° 
0.50 to 0.806 
Manganese 0.70 to 0.90° 
Silicon 1.50! 


Graphitic carbon 
Combined carbon 


aN. 


Molybdenum or chromium may also’ be 


added as alloys. Molybdenum in quantities 
between 0.25 and 1.25‘: retards the transforma- 
tions in both the liquid and solid state. This in 
itself limits volume changes, and thus permits 
smaller tolerances on machined parts which 
must be finish ground. Some 
investigators believe that molybde- 
num has a tendency to cause the 
graphite flakes to take on a some- 
what nodular form, and thus pro- 
duce an iron of improved physical 
properties. 

With combined carbon in the 
above range (0.50 to O.80), if 
is also possible to produce a Hicsdimeee Beilera 


hardened structure contain- in Cast lron Rings 


HARD 







fN 


\J 





il J 


By James L. Foste, 


\v’ . 
\ustin - W estert 41 .*iact r 


ing considerable cementite, acquired by solu 
and combination of some of the graphite. 

In order to show how we are. using 
above principles, let me describe the bear 
rings which we cast out of the above analysis 
orders of several hundred at a time. For t! 
purpose we add 0.25° molybdenum to the bas 
analysis quoted. 

The large halftone shows two types of ring 
The left-ha 


ring is a thrust ring, placed on the outside of ty 


machined ready for hardening. 


Its near face and inner ed 
It is about 11 


roller bearings. 
must be hardened against wear. 
in. in outside diameter and is 1 in. squar 
cross-section. The right-hand ring has the sa 
outside diameter and flange width; in cross-s 
tion it has a channel shape and is 2!, in, fh 


It is used as a center ring belw 


face to face. 


two roller bearings, 1s 

machined inside, but is ha! 
ened on both faces. G! 

ing tolerance after harde! 

is 0.010 in. 

We also can comm 
the hardening fixture 
built. 
graph (automatic flane 


It consists of a rad 


ting machine) whi 
around the annular s! 
table-top in a circle, ¢ rec! 
by a radius rod fron 


tral pivot. A flame | are 


20 
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ster 
Cast Iron Rings, 11% In. Outside Diameter, Machined Ready for Flame Hardening of Faces 
torch replaces the cutting torch in this tendency to nodulize the graphite flakes when 
radiagraph, and the heating flame (oxy-acety- added as an alloy to gray iron. This does not 
5 ne) is followed by a pipe carrying water for appear to be true in these castings where only 
ome juenching, 44 in. behind. The cast iron ring to 0.25°° is used. Even in this quantity, however, 
VSIS be hardened is placed horizontally on a centered it certainly adds to the hardenability. 
Nl fixture below the table top, and a simply After these rings are hardened, they are 
bas ranged canvas apron collects the splash of face ground, removing about 0.010 in, to a mu 
quenching water to be drained away from a ror finish. There is no grinding on the outside 
pan below. diameter or machining on the inside diameter. 
tha . ; . 
-h lhe speed of travel of the torch is governed In hardening there is no perceptible out-of- 
f | 
ol by the small speed-control wheel on the cut- round distortion. So 
et vy machine. This speed is deter- 
‘ 1] » 
Ul mined by the depth of hardness 
rr penetration desired on the piece. —s a ; —~ 4° le ™ 
s in the case of these rings the inner e te @ | o v 
> >| J ( - 
SS-S diameter 934, im. ¢ ‘OXi- . - 
‘ is 9%4 In. and approxi * ‘ J ; , 1 ai 
mately 4 min. are consumed in a : ’ > { ' 7Y¥ 4 
- making the round trip. e ’ , . — a ah 
1s \I . oO > . . . / atl 
icros on page 438 show full ' . . _ 
) a * — 
size the hardness pattern obtained ; . 4 x x i! & . 
(il ' ' : = : € ~~ i . 
. wo types of rings. In each _* . a ; > a os a | 
Is depth of hardening is |. AN Au Sy __~ 
: die ) a t 
| ' iown by lightly etching a | oe v iw.A joua- 7 ‘San 
. SI d surface. The Rockwell } a” '(/ - SE 
nal s of the core is B-91 to 938 ; " | = -< ; — ~« 
id nn he hardened corners, C-54 ‘ii | 4 -V%3 j 
i S, L-< ae ’ ~~ ‘ a 
j . / ¢ oat 
lhe hardened area is ; Oy 
f ae : Noe ' 
on the surface and mar- . | , . , .- < 
st below the surface, while ‘i — “| ; ; —— ‘i 
/ 


7 
r ae ; , w\ 
S pearlitic. ‘. 47 < ae 


— 


eviously mentioned it is Graphite Distribution in Hardened Case (Left) and Unhard 


s7 ° , ; 
hat molybdenum has a ened Core (Right Unetched; magnified 100 dtameters 
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Carnelian and Gold; Pendant Carnelian, Garnet and Turquoise. Its 


Beads of Lapts, 
Egyptian; 1900 


of Gold, Partly Enameled and Set With Lapis, is elaborately engraved. 





1// phe fographs are Hlans Van Ves, kindly le aned by Vetrope litan Vise um of Art Vew ye rk 
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o ancient 


ri rafismanship 


i ie LOVE OF THE HUMAN BEING FOR 
ornamentation and display is deep-seated 
and ancient; neolithic man and all his descend- 
ints have decked themselves and their families 
with jewelry of various types and materials. 
Personal adornment became common at an 
certain ancient time; the fact, however, that 
many primitive people have worn jewelry even 
though they considered clothes unnecessary 
indicates that its origin probably goes back to 
ithecanthropus erectus. Archeologists are not 
igreed whether the wearing of jewelry resulted 
from vanity plus an inherent desire on the part 
! homo sapiens to demonstrate superiority by 
displaying his personal wealth, or whether it 
ived from the wearing of charms and amu- 
Self-preservation is man’s strongest 
ict, and fear of the unknown is a powerful 

ve in determining human behavior; it is 


therefore, that early ornamentation was 


rily to please beneficent spirits and ward 
evil ones, and that the wearing of jewelry 


lentation evolved from this. 


Metals Used for Jewelry 


arly all the common metals and alloys 
it one time or another been used for 
Gold, of course, is and always has 


rCli- 


> 


ie most highly prized, with silver 
inking next. Copper and its alloys have 
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JEWELRY 


By Frank T. Sisco 
Metalluraist and Editor 


\ ‘ ; ror i 


been used widely; iron has been employed 
rarely, more often because other metals were 
scarce than because it possessed any properties 
that made it a competitor of the more precious 
metals. Although this is generally true, an 
exception must be made in the case of meteoric 
iron which, despite the fact that it is more dif- 
ficult to work than gold, silver, copper, or most 
of the alloys of these three metals, has the out 
standing advantage that it “comes from heaven”. 
This supernatural origin gave it special efficacy 
in protecting against evil; hence it was greatly 
prized for charms and amulets. Although used 
infrequently for ornamental purposes, neck 
laces and oluer jewelry dating as early as 0000 
..C. have been found in which meteoric iron 
was used together with gold. In addition, there 
is considerable folklore from the period 4000 
B.C. to A.D. 1000 confirming the high talismanic 
value of meteoric iron. 

It is unnecessary to emphasize the advan 
tages of gold and silver for jewelry Both 
metals are very malleable and could readily be 
worked into intricate shapes by hand, using 
only the most primitive tools. Both have a 
pleasing color and are resistant to corrosion 
gold more than silvet by the atmosphere and 
when worn next to the skin. In addition, both 
have always been comparatively scarce despite 
the fact that they are widely distributed. Intrin- 


sic value is important because a strong motiva- 
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big. 1 
right: 


Egyptian Goldsmith's Shop. Left to 
Vaking gold leaf, melting gold with blow- 


tion in owning jewelry is that it permits the 
owner to have considerable negotiable wealth 
in readily transportable form. 

Although native gold of reasonably high 
purity is found throughout the world, much of 
the 


“o 
Ing 


ancient jewelry was a natural alloy contain- 
10 to 385% 
mately to our present-day 20 to 14 carat alloy. 


silver, corresponding approxi- 


Owing to its hardness and superior wear resist- 
ance — 25% silver practically doubles the hard- 
ness of cold-worked gold — this natural alloy, 
known as electrum, was even more highly 
prized than high-purity gold, and when metal- 
lurgical knowledge had advanced sufficiently, it 
was made artificially and copper was also used 
to harden the gold. Electrum, and gold hard- 


ened by copper, are ideal materials for 
jewelry; they are corrosion resistant, very mal- 
leable, and their color may be varied by proper 
selection of the alloy from reddish yellow to a 
greenish white. 

Copper, owing to its pleasing color, its high 
ductility, and a comparatively good corrosion 
resistance, was used as early as 5000 B.C., and 
various copper-rich alloys of copper and tin 
somewhat later. Much beautiful jewelry was 
produced with this metal and its alloys at all 
Because of the superior 


periods of history. 


hardness of cold-worked bronze and copper 
(especially if the copper contained small 
amounts of arsenic, oxygen, and other impuri- 
ties, as most ancient copper did) as compared 
with the precious metals, copper and its alloys 
were used far more widely by our ancestors for 
tools, weapons, and body armor, and for cups, 
vases, dishes, and other utensils than for pure 
ornamentation. 

Low carbon iron, produced by the low tem- 


perature reduction of iron ore, was used by all 
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pipe, engraving, and weighing. (From Neuberger’s 
“Technical Arts and Sciences of the Ancients’ 


- - : ' —- 


ancient and medieval peoples (after about 1200 
3.C.) for tools, weapons, and hundreds of orna- 
mental applications, some of which can by 
ranked among the finest art metal work eve: 
produced. For example, the altar screens, rejas, 
door and other hardware, fences, gates, railings 
and the like, especially for churches in 13th t 
16th century France, Germany, Italy and Spain, 
are incomparable. However, soft iron has rare) 
been used for jewelry. Europeans of the lat 
Hallstatt (circa 800 to 500 B.C.) and the La Ten 
periods (500 to 100 B.C.) used iron for brooches 


pins, buckles, and a few other common articles 








some of which were finely wrought; and in Ger- 
many, and to some extent in the United States 
in the late 18th and early 19th centuries whe 
was used 


other metals were scarce, cast iron 


with considerable artistic success for medals, 
small statuary, fire backs, and in a few instances 
for jewelry. Some very fine specimens of brac 
lets, necklaces, rings, and other cast iro! 
jewelry, made in Germany during this period 
were assembled by Professor LAMPRECHT, whos 
collection is now owned by the American Cas! 


Iron Pipe Co. of Birmingham, Ala. 


Metal Working and the Art of the 


Jeweler 





Although fashions in jewelry have changed 
at various times and places, a definite con 
ity in the jeweler’s art is evident since at ‘eas! 
1000) B.C. 


are, and always have been, universal — as a! 


Necklaces, bracelets, and ear 


hairpins, pendants, pectorals (breast orneé 
ments), rings, buckles, brooches, and v: 
kinds of 


clothes. 


plaques and pins for orname: ‘its 
Anklets were worn by near! 2 


ancient peoples but disappeared, except ar oO! 
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jyptian Necklace, Representative of 
aic Period (300 B.C.) an Enlarged 
ving Details of Chain and Granulation 


savages, with the coming of 
( nitv. Today the anklet has 
red although it is by no means 
ae 


re is one outstanding difference 


by | present-day jewelry and that 
of » to 6000 years ago: Since the 
Re sance, When faceting began, 
oe] ive increased steadily in impor- 
ta until at present the setting is 
decidedly subordinate to the stone. In 
incient jewelry the artistic genius of 
the craftsman was devoted chiefly to 
the metal work; gems, if used at all, 


vere usually uncut and unimportant 
(except in Egypt and other eastern 
Mediterranean localities where the 
monotony of a sunny white landscape 
ind its architecture created a_ strong 
desire for color in jewelry and where, 
consequently, stones and enamel of 
various colors were favored). An excel- 
lent example of this is shown on page 
110, a pectoral which belonged to the 
daughter of Se’n Wosret Il, Pharaoh of 
kgvpt in 1900 B.C. Small pieces of 
lapis lazuli, carnelian, garnet, and tur- 
quoise are inlaid in enamel to produce 
the two falcons, the figure of the king, 
ind other sections of the pectoral. On 
the back the gold is elaborately engraved. The 
veads are lapis lazuli, carnelian, and gold. 
Practically every present-day technique of 
i¢ voldsmith’s and silversmith’s art was prac- 
ced as early as 3000 B.C.; some are consider- 
older. The manufacture of gold, silver, 
ind eclectrum foil is certainly prehistoric; by 
00 B.C. foil less than 0.00004 in. thick was 
nm, as Shown by the necklace of Queen 


s) d excavated at Ur in Mesopotamia and 
the Metropolitan Museum of Art. This 
. ing of lapis lazuli and carnelian beads 


hich are suspended leaves of the beech 
fold foil. “Gilding”, by covering wooden 
er objects with gold leaf, was practiced 

ts as 3000 B.C. in Egypt. 

‘id beating was carried on by the ancients 
ime technique as is used now; the metal 
umered into sheets, which were piled 
ther or parchment in alternate layers; 
was then beaten with a stone or ham- 
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mer. Figure 1 shows an Egyptian goldsmith’s 


shop as pictured on the wall of a tomb closed 
about 2500 B.C, 

In such techniques as inlaying, engraving, 
embossing, chasing, and in intaglio work with 
vold, silver, and electrum the craftsmen of 4000 
vears ago, especially in Egypt and Western 
Asia, have never been surpassed and rarely 
equaled. In enameling, and especially in 
cloisonne, however, the ancients did not recog- 
nize the importance of the coeflicient of expan- 
sion of the enamel in relation to that of the 
metal, consequently much ancient enamel has 
cracked or has fallen out of its setting during 
the centuries. 

A large part of the fine work of the early 
craftsmen was due to their skill in chain mak- 
ing and in granulation. There is no evidence 
that wire drawing with a die was practiced 
before the 10th century A.D.; on the contrary, 


there is much evidence that all ancient wire was 








Fig. 3 Greek Gold Diadem, About 350 B.C., Showing Figures of Dionysus and Ariadne, and Choirs of Mu 


hand-hammered from thin strips of foil and 
that the resulting short wires were so cleverly 
soldered or welded together that the joints can 
rarely be detected. The Egyptians made chains 
as early as the fifth dynasty (circa 3200 B.C.), 
and chains have been widely used for jewelry 
ever since. A good example of the Egyptian 
chain maker’s skill is shown by the Ptolemaic 
necklace pictured (enlarged) in Fig. 2. Exam- 
ination with a low-power magnifier disclosed 
evidences of hammering, but no soldered joints 
could be detected. 

As fine metal work as has ever been made 
is the granulation in gold, which began in Egypt 
in the twelfth dynasty (2000 to 1800 B.C.), and 
which was practiced there for more than 2000 
years. Some of this work is well shown in 
Fig. 2. It is fairly certain that the gold was 
melted and granulated as fine beads by pouring 
into water, but authorities are not agreed on the 
method of attaching the beads to the medallion; 
some believe that the beads were heated to 
incipient melting and were sweated on; others 
claim that they were soldered. In the necklace 
shown in this article there is no evidence of 
soldering; it is, however, certain that the beads 
were put on individually. 

In addition to being hot worked and cold 
worked, metals were melted and cast in molds 
as early as 4000 to 3500 B.C. Copper ax heads 
were cast with sockets for hafting in Sumer 
(between the Tigris and Euphrates Rivers) in 
3500 B.C., and hollow copper and gold statues 
and statuettes were cast by the “lost| wax” 
process in Egypt almost as early as this. Cast- 
ing, although used widely for utensils, tools, and 


weapons, was rarely used for jewelry. 
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Ancient and Medieval Jewelry as Ari 


Production of artistic metal work depends 
upon two factors — first, competent artisans 
with an original sense of design and second, 9 
country that is prosperous and at peace. In th: 
ancient world these conditions were fulfilled 
best in Egypt. For more than 3000 years th 
civilization along the Nile grew and prospered 
with only one major invasion, that of the Hyksos 
about 1800 B.C., to disturb it. As a result, th 
artistic metal working of the Egyptians is co 
sidered by many to be the finest ever produced 
With a thousand years of development and will 
the craftsmen carefully trained and _ closel 
organized in guilds under state control, artist 
metal working reached its highest developmen 
in the twelfth dynasty (2000 to 1800 B.C.). Th 
pectoral photographed on page 410 represents 
the work of this period, which shows a delicac) 
taste, sense of proportion, and a_ blending 
of colors, that probably has never been su! 
With the Hyksos invasion and U 


accompanying chaos the art of the jewele! 


passed. 


declined. There was a renaissance during 
eighteenth dynasty (1580 to 1350 B.C.), bul 
compared with the twelfth, tie metal work 
although fine, was becoming somewhat ar! 
ficial. As one authority puts it: “Eighteen! 
dynasty jewelry shows that Egyptian wom 
were still beautiful and charming but were | 
longer young.” Except for some fine granu! 
tion in the Ptolemaic period, taste — and 
large measure workmanship — declined. 
Babylonian craftsmen of 3000 to 100) B. 
were probably better metallurgists and « 
technicians than their Egyptian contemp: © 

















re far behind in artistic genius. Baby- 
jewelry, although making use of rosettes 
ometrical designs in filigree, was usually 
and solid. In style it was surprisingly 
ic jewelry of Victorian England. Baby- 
in contrast to Egypt, was subject during 

2000 years to almost constant war. 

he early Greeks and their predecessors on 
slands of the Aegean and in Crete were 

vetent and occasionally fine metal workers. 
\!/hough the people of the Minoan Age (3000 to 


B.C.) developed some original designs, 
especially in gold and silver cups and, more 
rarely, in small jewelry, their skill and artistic 


development were inferior to those of the 
Evyptians and Babylonians whose work they 
imitated. During this period the art of the 
Greeks and their forerunners was more Asiatic 
than European, but by the fifth century B.C, it 
was approaching its apogee and produced some 
finely chased gold and silver work. In the fourth 
century the Greeks developed decoration in 
relief to the highest point 
it had reached. Histor- 
ical and mythological 
subjects, flowers and 
foliage, animals and 
birds, circular, spiral, 
and other geometrical 
designs were beaten 
through the walls in high 
relief so that the design 
was visible on both sides. 
Figure 3 shows such 
work on a diadem, made 
sometime near 350 B.C. 

Except for Western 
\sia and the shores of 


the Mediterranean, the 


ih welry of the Western Fig. 4 Carved Gold Stags From South Rus 
sia, Scythian 5th Century B.C, (Full Size 


world was primitive 
until several centuries 


| 


ifter the beginning of the Christian Era. From 


4] 


standpoint of metal working none of this is 
‘cresting except the metal carving practiced 
ie Seythians, who lived in South Russia in 
lifth century B.C. Examples of their work 
hown in Fig. 4. These stags, which appar- 
were used for ornamenting garments, were 
d by a technique which in all probability 
ractically the same as that used for carv- 
he or wood. 
Vith the establishment of the Eastern 
| Empire by Constantine and the growth 
zantium, artisans collected at Constan- 





linople from all over the East. Byzantine 
jewelry, mostly religious in character, was out- 
standing in the early Middle Ages. The jewelry 
was simple and massive; strangely there seems 
to be little connection between the Greek and 
Roman naturalistic decoration of the early 
Christian Era and the heavy style used by the 
Byzantine jewelers several centuries later. The 
best Byzantine jewelry was produced in the 
sixth and eleventh centuries A.D.; by the twelfth 
century both the precious metals and the jewel- 
er’s art had been debased. 

Jewelers of Europe between the fifth and 
twelfth centuries were skilled but displayed lit- 
tle originality. Considerable copper and bronze, 
and some iron, were used during this time. 
Much of the early medieval European work had 
a sacred connotation; chalices, caskets, crosses, 
and reliquaries were made in large numbers, 
and crowns and tiaras were designed for the 
numerous petty kings. 

This brief article about the origins of metal- 
lic jewelry should not 
close without a mention 
of the fine jewelry 
produced during the 
Renaissance in France, 
Italy, Holland, and 
especially at Augsburg 
and Nuremberg in Ger- 
many. This was a 
period of splendor and 
showy display, and 
large quantities of jew- 
elry were worn by men 
as well as by women. 
Extensive use was 
made of precious and 
semi-precious stones 
and colorful) enamels. 
Artists of the first rank 

da Vinei, Cellini, 
Caradosso, Solis, de Bry, Delaume, and others 

made designs to be copied and wrought by 
the jewelers. In general, however, the metal 
working itself was nowhere near as good; il 
was no better than what had been habitual in 
Egypt 3000 years before. It is foolhardy for a 
1941 metallurgist to attempt to judge the 
artistic merit of this Renaissance jewelry. It 
was intricate and much of it was garish, showy, 
and often even tawdry. The Renaissance was a 
period of ostentation, and the jewelry fitted 
those who wore it. Doubtless most individuals 
today would think it is beautiful. =] 
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Quenching Fixture in Operation on a Large Bearing Race 





Photograph courtesy Timken Roller Bearing Co. 
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s ile for measuring steels in the 
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corretation 
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ARTICLE IN THE NOVEMBER 1910 
issue of Metrat ProGgress, entitled “Com- 


mercial Aspects of Hardenability Tests”, 
iitempled to show how the data acquired by 
these relatively new test procedures could be 
ised in selecting steel for a given part of 
required hardness, either at the surface or at 
some specified location under the surface. 
Since several methods are in use, it is now 
proper to compare them, and to discover how 
results acquired by men in one place using one 
method can be correlated with results acquired 
elsewhere with another method. 

Of the number of different methods now 

ise, the commonest and the one requiring 

least equipment is that of quenching round 
s. sectioning these bars and then making a 
Suitabil 


this method for a given steel depends on 


lness traverse across the section. 
size of the round selected. It can be used 
un carbon or alloy steels of deep or shal- 


irdening grade, but it is not 


zed condition. The diflicul- 


Correlation for Shallow 
Hardening Steels 


7+ feo 


By Walter E. Jominy 


)  ¢ 
t+ Research | boratories 


Wy Wer 


deep hardening alloy steels this method is not 
very suitable unless very large sizes are used 
and these require long heating periods and are 
difficult to cut open after hardening. 

Burns, Moore and Archer suggested the use 
of the sectioning method on a l-in. round bar, 
water quenched. They attempt to control the 
quenching operation as much as possible with 
out special equipment. A mathematical expres 
sion is used for the hardness obtained afte 
sectioning which includes the surface hardness, 
the area under the hardenabilitv curve, and the 
center hardness. This “S-A-C” expression then 
reports the quantitative measurements for the 
viven steel. his test is especially suitable for 
water hardening steels and cannot of course be 
used on steels which will harden through to the 
center when quenched in water It cannot, 
therefore, be used on most of the medium 
carbon alloy steels. 

The Shepherd test. which preceded any ot 
the more or less standardized meth 
ods, is the same tvpe. In ita in 


round bar is quenched from = 1600 





th the method are that differ 











poratories may get somewhat mnesuubonnsens 
nt results because of differ- 2/32 in. 
n the severity of the quench, . 
ices in the heating furnace : . 
heres causing various types 6/32 
differences in surface fin- 32 
d dangers of drawing the be - 
during sectioning. For the - 


KF. in oil, then requenched in brine 
Bal and sectioned, then etched with 
32 i mh HCl in water to show. the 
<9 depth of hardness. Dises of stepped 
. thickness mav be used instead of 
39 the round bar In either case this 
je test is only useful for shallow hard 
A ening steels. 
— the method of Grossmann is an 
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application of the sectioning method in which in question with all rates of cooling from ove 5 
several bars of different sizes must be hard- per sec, to 1° F. per sec. The method is espe al} 
ened and sectioned in order to obtain the size well suited to alloy steels whose critical co ling 
of bar in which the center hardness changes rates are in the range from about 150° F. pe: se 
abruptly with small changes in diameter. to 4° F. per sec., which covers just about ' 
This bar size is called the critical size and is the common medium carbon alloy steels. |) this 
a measure of the hardenability of the steel range the rate of change of cooling rate is ‘ow. 
under investigation. so that accurate results can easily be obtain: 

The critical size may be calculated if In cooling rates above 150° F. per sec. the rat 
three (or preferably four or more) bar sizes of change is rather fast, so that the bar is is 
have been sectioned. The mathematical solu- well suited to steels in this range which are main) 
tion can be easily applied to a= series of the plain carbon shallow hardening steels. Fo, 
traverses like those shown in Fig. 1 of S.A.E. shallow hardening steels we have found our “I. 
1050 steel but cannot be applied to the tray- bar” shown in Fig. 3 to be very satisfactory. Ty 
erses of the type shown in Fig. 2 of 5145. same hardenability equipment is used for this bay 
Grossmann’s method requires more work as for the standard bar. The only difference 
than the others and if a mathematical calcu- the procedure is that the free height of the wate: 
lation is to be used the measurements must column sprayed into it is raised from the 2!4 jj 
be very carefully made; the resulting deter- used for quenching the standard bar to 4 in. 
mination is, however, quite accurate. 

Phe end-quench method used in the 7 T ' . nme eee 
General Motors’ research laboratory is ciene Biamatsnn al @ 
perhaps the easiest and quickest method 60 | Quenched “Deep Hardenin 
for the information gained. We heat oar 15 Chromium Steel (S.A.E, 514 
the specimen (Fig. 3) to the desired ee en a a 
hardening temperature and drop it end- > ™ \ } a3" This bar provides 

\ f 

wise into a fixture that holds the lower = | \ Mila Ja .| more sensitive means 
end lo in. above a spray nozzle. The S bi K oe SARE * f) for measuring harde: 
quenching medium is water at 75° F. * in. awe abilitv than a sectione: 
The opening through which the water 3 30 ad | 1-in. ‘heen since th 
travels is 14 in. diameter and the height S change in cooling rate is 
of the water column before placing the @ 2 about three times mor 
sample in the fixture is 24% in. In this sradual in the L-typ 
way the quenching medium hits’ the 0 | | | | bar. This may b: 
bottom end of the sample only, and | observed from Fig. 4 
practically all of the heat is extracted mi | | which shows the loca 
from the face of that quenched end. “ef O f 2 tions on the two bars 
After cooling a small Radius, inches that have the same cool 
flat is ground 0.015 in. : “As ing rates. 

deep along the entire | tnbett S) gS Both our standard bar and L-ba 
length of the bar and a it \ ij a can be used to measure the harde! 
Rockwell readings ; \f | « ability of a carburizing steel in th 
made at }x-in. intervals - 30 \ f carburized condition. In fact this 
from the hard end. = | method of end cooling is the only on 

In one test — which S 40 | | that can be used for curburized steels 
does not require section- a | wd J} | 
ing of the bar— we ” ye EE oy # | 

oe G30, we LF ere Transposition of Methods 
obtain the hardness S a a atl | 
developed with the steel >, 7 | We will now attempt to indicat 
| how this can be done, even thous 
Fig. 1—-Hardness Traverses | more data are needed to be cecrta 
leross Diameter of Broken Bars | of doing this accurately in all «ases 
y enakew Haraening’ Steet | In transposing, the question “rises 
(0.50% Carbon, S.A.E. 1050). es, eee J ” 
Round bars of various sizes. , ' 2 as to whether we should us 
water quenched from 1530° F. Padius, inches cooling rates at 1300° F., th 
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i r O : 
_— Drill No.20 in the end-cooled hardenability 
. V4" Dia = 2 one- : 
& D 2 Depth 3/8 in °4208" Dia bar where the rates of cooling at 
Q rill No.20_L Tap No. V4- ayo IP . : 
hy Depth eho T | tanec 1 1500° F. were identical. 
fap No. 10 $e I 4 t _— We also tested in the Gen 
S | eral Motors’ end-quench fixture 
+ 
! itis a number of the steels studied 
, Wil a J 
> Ream to me 2 by Kran and Lorie (Transac 
om, ’ ‘ 
Sod 732 In. Dia x tions &, Vol. 28, p. 83). Messrs. 
f 1 g% 
1] l Kiar and Lorie had made hard 
‘oe awl a! * Dia & ness traverses on round bars of 
L ft YY ly several steels, the rounds being 
gre x Section one "sere ls, 1, 2 and 3 in. for each steel, 
te be : a Big: +s and we obtained pieces of the 
< _ Fig. 3 Test Specimens for End-Quench Method of . har 1] r) 
Determining Hardenability. Usual specimen at center; l-in. bars used by them, <oe 
L-bar for steels of low hardenability at left; drilled bars were cut into pieces 3 in 
bar at right jor steels available only in small sizes long and standard hardenabilits 
] lest specimens made from 
mu FF. the time to cool them. The heating temper 
from 1100 to 900° F.. or the g atures were the same as 
time to cool to the half- used by Kian and Lorie 
temperature point. (The 600 a | | for the 2-in. round bars 
half-temperature point. is L-Type Hardenability The total time in the fur- 
btained by averaging the | Bar | nace for all bars was 5o 
emperature of the quenching 500 t min. Tests were made in 


medium and the temperature 


f the steel as it leaves the 
hardening furnace.) 

In our comparisons, we 
have used either the cooling 
rate at 1300° F. or that at 
lwo”, hour) «choice being 
determined by data available 
in the literature for the par- 
location of 
Our 


reason for using these is that 


cular size and 


the bar in question. 
for the have 
different 
shapes at locations where the 


many tests we 


bars of 


made on 


rates of cooling at 1300° F. (or More Gradual 
i 1000" EF.) have been the way From the 
sal the hardnesses at these 

lox us have checked fairly well. In a pub- 
lica | of previous work in the @ book 
“H nability of Alloy Steels”, p. 66, three 
st S. ALE. 1050, 3145 and 5145, were hardened 


: 





Rate of Cooling at 1022°F, F per Sec. 


+ 










1-in Round Bar 
“Quenched in Water 
| ter | 


duplicate and the readings 


from the two bars were 
averaged. Results of the 
two laboratories and the 


two methods checked, usu 
ally within one pomnt on the 
Rockwell C-scale. 

In comparing the data 
from our tests with those of 


| | 


KiAIN and Lorie it became 








100 , 
0 Vg 


Fig. 4 


Quenched Specimen 
Specimen Show That Latter Has a 
Change in 
Quenched Surface 


orm of round bars in sizes ranging from 


und to 4 in. round. These bars were then 


St d and hardness traverses made. (Results 


this article.) 


irdenability fixture. 
steel the hardness at 


of these steels are reproduced as Fig. 1 
From the same steels our 
| hardenability bar was made and tested 


It was found that 
the center of the 


ounds agreed with that at the location 





VY Yo h 
Distance from Surface, or fram Water-Cooled End 


Cooling Rates of Usual End- 


apparent that the quench 


employed by them was 


quite severe — particularly 


a their oil quench. This 
ind L-Type 

required the use of a some- 
modified factor for 


Rate what 


conversion from our bar to 
the 


This modification, however, was small 


the center hardness of 
rounds. 
not being more than in. on our bar, except 
with the 3-in. round, oil-quenched bar where 
the factor was modified !, in. In all cases the 
modification was toward higher cooling rates, 
indicating a rather severe quench. 
the 
placed on the curve sheet (Fig. 5 to 8). On 


Results obtained by two methods are 


these the steels have been arranged in the order 


of their center hardnesses as determined by 


KLam~n and Lorie. For each steel there is also 


plotted the center hardness indicated from the 


end-quenched specimen. 
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Figure 5 contains the steels in 


the 3-in. 


round size. Center hardnesses as determined by 


Kiain and Lori are indicated by the circles and 


the corresponding hardnesses from our bars are 


indicated by the crosses. It will be observed 


to scaling resulted in less scale on the 235 
thereby causing a relatively faster quenc 
cooled all over in a spray. 

Good agreement is shown between th 
nesses of the 1-in. and the 4-in. round ba: 
7 and 8) side-quen 
a spray fixture at |] 





60 


a + + 
~» 50 | x Corresponding Hardness from End 
g ° Quenched Bar 
8 
& 40 
7] 
g s 
is) 
§ dU ° t 
x ri g 





© Hardness at Center of Rounds 


Memorial Institut 
end-quenched in a 
fixture at General 
Research Laborato 

It appears that 


Fig. 5 to 8 Comparis 
Hardness Ratings of a S« 
Steels as Determined by 
x sion Quenching and 1 
& Quenching. Note that « 
x —j the steels varies with si 


° 





° 





20 
4340 5240 6130 = SIBO— 413O—s«sT-135O— *1045 


Fig 5- 5” Round Bars 


Coarse 


2330 SISO 1045 arranged according to har: 


Pe ; : 
Fin center after tmmerstion qu 








xO 
xO 





that quite good agreement 
° x 
exists between the two > ro) 
i > 50 
methods, especially when > 
it is remembered that it is = 
not uncommon (in the & 
- ! 
method used by WLAIN uo 47 
. . ® 
and Lorie) to find varia- c 
li in | | f imi ® 
1OnS Th HAraAHeSS TOP SITMNI- o 
t= 50 
lar locations in the same 
bar of 8 points Rockwell C 
(and occasionally as much 20 
4340 


as 7 points). Furthermore, 
there doubtless were vary- 
ing amounts and kinds of scale on 
these bars as they were placed in the 
quenching fixture by Kiam and Lorie, 
especially since no precautions were 
taken to have a uniform finish on the 
bars. The variation in amount of 
scale undoubtedly affects the rate of 
cooling — especially when oil quench- 
ing. In our end-quenched bars there 
is practically no seale and the cooled 
surface always has the same finish. 

Figure 6 contains the same steels 
in the order of the center hardness of 
the 2-in. round bars. Here again 


there is good agreement except for 


steel 2330 where there is a difference of 7 


5240 6130 = SBD T-3IBD —4IS0 23BL 5130 =—_:1045 


Fig. 6- 2° Round Bars 


Coarse 


Identification of Steels Tested in Fig. 5 to > 











S.A.E. CHEMICAL COMPOSITION Q 
STEEI : 
.; \IN Cr Ni Mo \ SI 
1040 0.39 O.81 
1045 OAT | O83 0.22 
P-1340 0.40 1.67 0.21 ’ 
X-3140 0.41 0.80 0.85 1.36 0.17 I 
3145 | 0.44 0.78 0.62 28 0.19 le 
$145 | 0.45 0.80 0.94 0.17 0.16 
1640 0.40 0.67 1.80 0.24 0.20 l 
o140 0.38 0.71 0.92 0.17 
ol4o5 0.45 0.90 1.01 0.18 
6145 0.49 0.71 0.95 0.21 0.21 
points, justified in concluding that there is good 


We do not have any factual information as to 


why this difference should occur. Our first 


guess was that segregation existed, but this was 


not found. Another suggested explanation is 


that a low heating temperature and resistance 


ment between the center hardnesses of 
sized bars as obtained by the transverse ! 
of measurement and the hardness at th 
of corresponding cooling rate on U 


quenched test bar. 
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Correlation of End-Quench and 
Immersion Quench 

















1) EQUIVALENT (a 
: ps , IA. OF QUENCHING 
point of interest, when taking center hardness as a ace | Wineieria 
; ops . : Scort KLAIN & Lonic 
of hardenability, is that these steels do not have the 
; ‘lative hardenability in the 2-in. round size as in the 3 in. Oil Py in Py in 
, ’ P a , : ; 2 Oil 
rd. ind size, or in the 1-in, or 's-in. size. Each size seems ' Oil 
l 
Fig te the steels in different order. However, if these steels Oil . 
d re ited according to expected center hardness from the 3 in. Water , in, , in, 
tell en nched specimens, they will have exactly the same - Water 
: ets. 3 e3 a : Wate 
ine re f relative hardenability in the 3-in. and the 2-in. sizes oe ° 
. ater 
ie TY xcept for transposing of S.A.E. 2330 steel from 10th to 
. 7T ; (a) Location on end-cooled bar whet 
OPS 7 ce) they have the same order of hardenability in 1-in. 0 eat eee ape 
. . . rate of cooling is the same as the center of 
lransposed hardnesses are affected strongly by car- here meeaured by the investiontors noted. 
ntent in the '.s-in. 
_so the same order 609 ° 
=o x x up 
rdenability is’ not a 
' =| 
es ma ined. a g re] . i 
One thing should be % 50 | 
= 
pointed out here regard- v 
he (ime consumed in re 
u S 
ss 8 40 
making these tests. The me 
data obtained with the 3 o Hardness at Center of Rounds 
iS Quench 
nd-cooling method 3 30 x Hardness an End Quenched Bars 
S 
t 


required less than one- 
enth the time needed to 


omen fetManeuns 20 
bla » Si a- 
btain the same informa 1045 1045 3240 4340 71330 3/30 23530 ©6430 6130 5130 


Coarse Fine = ane 
Fig.8- Ye" Round Bars 




















| between the location of 
6 hardness on end-cooled 
= x x x | } 
T 7 2 } x bars with that at the center 
° x . 
: < of various sized bars when 
: ’ ° 
S r quenched in oil or water 
y YU I - 
—— 7 I However, since it is quite 
—_< R g often useful to transpose, 
- such a table is given above, 
> showing corresponding 
‘os locations by points of cor 
20 responding cooling rates 
434 5240 865180 *F-IBBO=— BBO «GIB 4130 5130 1045 1045 at 1300° F. (or 1000° F. as 
Coarse fine : . ° . 
. 
Fig.7- 1* Round Bars determined at the center 
of bar sizes by Scorr) and 
hen emploving the method used by KLAtN which we have found in many tests to have cor 
ind Loni. In fact, in addition to the data indi- responding hardness values. There are also 
' at ve can also determine from the end- given the points of corresponding hardness as 
voled bar the hardness to be expected at the determined at the center of bars hardened by 
fo a d-in., a 2!-in. round bar, or any Kain and Lorie and our valucs. 
diate size quenched in oil or water. Tests have been made comparing our L-bar 
ransposing from the one method to the with the values obtained with the Shepherd 
is important to remember that many “PLP. test. On the basis of the results obtained, 
ther than the hardenability of the steel we believe that locations of equal rates of cool- 
. re . . . 
Y | hardness penetration on round bars ing at 1000° F. may be expected to give the same 
' in oil or water and that these do not hardness. We have therefore prepared another 
+} ° ° -_ . 
e end-cooled bar. It is especially table (page 447) which should be considered as 
. | that pretreatment of the specimens approximate only, since the finish on the Shep 
' : identical. Consequently, it is hazard- herd bar, the scale on the surface, and the man 
esent a table showing a relationship ner of quenching, affect the results Ps) 
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HE REMARKABLE DEVELOPMENT IN 

the use of stainless steels during the last 
decade has been largely due to a better knowl- 
edge by fabricators of how to work and machine 
these alloys, coupled with the ceaseless effort of 
producers to improve their working qualities. 
When these alloys were first introduced, it was 
quickly found that they were quite diflicult to 
form, and some of them were particularly dif- 
ficult to machine; in consequence, fabricating 
and machining costs were high, which restricted 
their adoption for many applications. Like 
many other industrial problems, it was not long 
before ingenuity found a means to improve 
their machining characteristics greatly. 

Poor machinability of the stainless steels is 
not due to their inherent hardness, but rather 
to the manner in which the chips adhere to and 
build-up on the cutting edge of tools, resulting 
All the stain- 


less steels have high coeflicients of friction and 


in early failures from “burning”. 


tend to seize any unlubricated metal surface 
with which they are brought in moving contact. 
This becomes more marked as pressure and 
temperature are increased, This same tendene 
causes difficulty in grinding, due to the chips 
adhering to the grits, thus “loading” the wheel. 

The effect of sulphur, in combination with 
phosphorus, on the machining characteristics of 
carbon steels was well known at the time stain- 
less steel was introduced, and it was thought 
that these elements would also improve the 


latter steels. This proved to be true; however, 
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whereas about 0.12% sulphur and a like amoun| 
of phosphorus produced free-cutting characte 
istics in the carbon steels, it was found by F. kh 
Parmer that this amount was not suflicient | 
produce a similar effect on a low carbon 1! 
chromium stainless steel. In his 1928 article it 
Transactions, A.S.S.T., he observed that as th 
sulphur was increased above 0.12‘¢ machining 
characteristics improved and reached an opti 
mum at about 0.30‘°. Further, he found tha! 
phosphorus gave no beneficial effect in combi 
nation with sulphur in these alloys, and as th 
sulphur was increased above about 0.15‘, th 
hot workability of the steel was impaired. Du 
to refinements in melting and rolling during th 
past several years, the hot rolling and forging 
of the free-machining stainless steels is no grea 
problem today, even though most grades co 
fain sulphur in excess of 0.25. 

Since the introduction of the free-mach 
ing stainless steel (12 to 14% Cr) as a resull 
PaiMer’s original research, other free-mach 


| 


ing grades of stainless steel Lave been dev 


oped, and there are now six different analys 


commercially available. These inclu 
carbon and high carbon 12 to 14%. chrom 
low carbon and high carbon 16 to 18% ¢! 


> 


mium, and two tvpes of 18%) chromium, > 


nickel steel. Sulphur in) combinatio: 


molybdenum is added to the straight chrom 
vrades to impart free-machining properti 
in the 18-8 grade, two combinations are vs 


sulphur plus molybdenum, and seleniur: Pp! 














rus. Typical analyses are 
1 Table I. 
; further worthy of remark 
addition of sulphur to the 
irbon, straight 
not as effective in promot- 
hinability as when added to 
ver carbon grades. This is 
ss due to the large amount 
sive carbide particles present 
natrix of the alloys first men- 


which rapidly wears the cut- 
ti lve of tools and thus largely 
r s the advantages normally 


ob ed. 

Vicrostructure ——In melting it 
is general practice to compound the 
raw materials, consisting of base 


stainless steel scrap, chromium ore or 


scrap, 
ferrochromium, sulphur or selenium, molyb- 
denum and nickel, in an electric are or induc- 
tion furnace. The sulphur is usually added as 
roll sulphur or iron sulphide (pyrite) in the 
ladle as the molten metal is tapped from the 
furnace. Some mills add selenium as _ ferro- 
selenium in the furnace, although satisfactory 
recoveries can be obtained by ladle additions. 
[he average recovery for sulphur is 80° and 
for selenium 45%. As shown by Fig. 1, there is 


no appreciable segregation of sulphur in the 


Table I— Typical Analyses of Free-Machining Stainless Steels 


Fig. 1 Shows Uniform Distribution of 
Sulphur and Molybdenum in a 10-In 
Square Ingot of 12% Cr-FM Stainless 


0 8.0.28 
Mo, 039 


chromium Lagle Analysis: 


Sulphur, 027 % 
Molybdenum, 038 % 





metal (Fig. E) they are elongated 


in the direction of rolling, which 


indicates a fairly high degree of 


plasticity at rolling temperatures. 
that the 


sulphur 


It is generally assumed 


compound formed by 
approximates the formula CrS-FesS: 
Mns. 


in combination with sulphur, a por- 


When molybdenum is added 


tion of the sulphur may combine 


like 


reacts in the molten metal to form 


with it. Selenium, sulphur, 
selenides, which are largely insolu- 
ble and are present in the solidified 
metal as non-metallic matter (Fig. J, K and L, 
page 459). 

Although the percentage of sulphur in the 
free-machining stainless steels is relatively 
high, no indication is obtained with a sulphur 
that the 


evolution method does not give a satisfactory 


print. It is of interest to note here 
analysis, as only about half of the sulphur is 


evolved as hydrogen sulphide; an accurate 

determination requires a gravimetric or com- 
bustion method. 

The sulphur or selenide particles are highly 

stable and are not 

changed by heat treating. 


They are generally slate 





GRAD Type No.) C MN P S SI 
12°) Cr-FM 116 10 40 020 30 AV 
Cr-FHC 120-F 325 36.40 020 25 40 

17°. Cr-FM 130-F 10 40 020 30 40 
i‘) Cr-FHC 140-F 1.00 60 020 25 40 
IS-S S-FM 303 O08 60 020 30 40 
18-8 Se-FM 303 08 60 120 020) «(L50 





CK Nt | Mo St gray and usually they 
975 .25) 85 have a duplex structure, 
13.00.25 as shown by Fig. G and 
16.25 " 3D J in the Data Sheet, page 
pi Fe nd 159. Etching reagents for 
18.50 8.50 30 developing the metallic 











sol, and as the sulphides do not migrate 
dissipated by subsequent hot rolling and 
itment, the figure indicates uniform dis- 
mm of the particles in the finished bars or 
s. Which is essential for best machining 
ies. 

sulphur and selenium form insoluble 
molten stainless 


nds when added to 


dare consequently present in the solid 


j 


lal as non-metallic matter uniformly 
led throughout the matrix, as shown by 

rographs in the Data Sheet, page 159. 
e noted (Pig. B) that in the cast metal 


cles are globular, but in the wrought 


structure of 18-8 will gen- 
attack the 


llowever, 


erally inclu- 
sions, turning them a uniform black. 
sulphide particles in the = straight) chromium 
erades are usually not attacked by the ordinary 
etching reagents. 

Phe sulphur and selenium inclusions are of 


fairly low hardness and not abrasive in charac 


ler, as indicated by micro-hardness tests mad 
in aecordance with the method developed hy 
Perers and Knoop (Merat Progress, Julw 1939, 


indentation number J// derived 
(where W is the 


p. 5h). Average 
from the formula /7— VW \ 
1 is the projected area 
both the 


matrix and sulphur and selenide particles in 


applied load in kg., and 


of indentation in sq.mm.) of metal 
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samples of commercially annealed material is 


GRADE Mrtrant Marrix INCLUSIONS 
12% Cr-FM H 158 H 173 
18-8 S-FM 205 230 
18-8 Se-FM 220) 230 


Physical Properties —~Sulphur and sele- 
hium additions result in important changes in 
metallurgical characteristics, which should be 
taken into consideration when processing stain- 
less steels. As pointed out above, the particles 
are uniformly dispersed in the metal matrix 
and in wrought material they are elongated in 
the direction of rolling. It would be expected 
that these particles, being quite numerous, 
would adversely affect the physical character- 
istics of the metal, but actually the only notice- 


able effect is a slight lowering of elongation, 





particles break up to some degree the — oyti- 
nuity of the metal matrix, the free-mac yj, 


stainless steels are not as suitable fi ‘old 
upsetting as the regular grades. Ther js 4 
tendency for upset heads to crack aro; the 
periphery, particularly if the upset is athe 
severe. However, the free-machining st. less 
steels, especially the 18-8 grades, can be s\ cess 
fully processed into upset screws, provided {ly 
chromium-nickel ratio is favorable a the 


upset not too severe. The 18-8 Se-FM eride js 
more suitable, due to its lesser tendency 4 
crack in cold forming. They have a distine 
advantage when making upset screws will: slo! 
ted heads, as greater saw life can be obtained. 
as well as increased production, For best upset. 
ting, .he wire should have a thin metallic coat 


Table Il — Properties of the Free-Machining Stainless Steels (Longitudinal Tests) 





Gnapt CONDITION ULTIMATI YIELD 
STRENGTH ©0.2°7 Set 

12% Cr Annealed 78.000 52.500 
Heat treated 106.000 86.250 

12°, Cr-FM Annealed 75.000 $5,500 
Heat treated 105,000 $2,500 

17% Cr Annealed 69,250 12.500 
Cold drawn Q? O00 75.000 

17°. Cr-FM Annealed 68.000 11.000 
Cold drawn 95,000 75,000 

18-8 Annealed 85.500 33,900 
Cold drawn 95,750 62.500 

18-8 S-FM Annealed 85,000 32,500 
Cold drawn 100,750 65,500 

18-S Se-FM = Annealed 87,200 34,500 
Cold drawn 106,250 68,500 





Proot 
STRESS 


50.000 
70.000 
40,500 
68,500 
37,500 
65.000 
36.750 
65,900 
29 500 
39,000 
29 000 
10.000 
29 000 
42.500 


ELON- 

GATION Rep. o1 Izop BRINELL ENDURANCI 

sw 2 IN. AREA IMPACI HARDNESS Limi 
32.2 67.0 110.0 152 15.500 
22.0 63.0 85.0 917 55.250 
30.0 61.5 85.0 152 $3,125 
20.0 97.0 70.0 217 D.O72 
35.0 65.0 25.0 141 37,790 
25.0 60.0 20.0 912 19.000 
34.0 62.0 35.0 149 88 500 
16.0 60.0 25.0 917 18.000 
60.0 700 115.0 156 36.500 
18.0 67.0 110.0 192 $3,500 
55.0 60.0 73.0 (a) 150 35.000 
15.0 58.0 70.0 192 18.000 
60.0 65.0 100.0 ¢b 140 34,500 
44.0) 57.0 90.0 9293 51.000 








(a) Cold bend 180° longitudinally; transverse 


Izod 15 ft-lb.; 100° bend (cracked) 





(b) Cold bend 180° longitudinally; transverse Izod 26 ft-lb.; 180° bend (cracked) 


impact strength and reduction of area. How- 
ever, an exception is the 17° Cr-FM alloy, which 
shows better impact strength than the regular 
grade, due to the somewhat higher nickel and 
lower chromium content. 

Typical tensile properties of the various 
free-machining stainless steels, as well as the 
corresponding regular grades having no special 
additions of sulphur and selenium, are given 
in Table Il. It will be noted that there is no 
great difference in properties, except in impact 
strength, between the 18-8 S-FM and 18-8 Se-FM 
grades when tested in the normal direction of 
rolling. However, owing to the fewer selenide 
particles in the latter grade, this alloy shows 
better transverse impact and bending properties. 


Cold Work — Since sulphur and_ selenide 


ing to prevent seizure on the dies; it should no! 
be harder than Rockwell B-90. 

All the free-machining stainless steels 
respond to cold drawing similarly to the regu 
lar grades. However, it is advisable to limi 
drafts to a total of 40‘-, else there is a tencenc) 
for the wire to split and crack. The effect o! 
cold drawing on the tensile properties of | 
Cr-FM and 18-8 S-FM is shown by Fig. 2 snd» 

Hot Work 


In general, more « 


required for hot working the free-mac! nits 
stainless steels than for the standard grades 


Since their transverse strength is not as 
as the regular types there is a greater te! 
to check and crack, if all conditions @ r 
favorable. Further, the addition of st)" 
and selenium tends to induce red shortn 
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Strength, 1000 Psi 
















condition these alloys possess best corrosion resistance and 


7 —( Heraness 


Ultimate Strength highest ductility. Their hardness and tensile strength cannot 
ae 


be increased by heat treatment and the only means whereby 
this can be accomplished is by cold work, such as rolling, 
drawing or swaging. Normally, the 18-8 FM grades are non 
t magnetic but when severely cold worked become quite mag 
Elastic Lumut > ; se 
r ‘ ' netic. Like the regular 18-8, the free-machining grades 
are susceptible to carbide precipitation when exposed for 
| | | periods, more or less prolonged, in the temperature range of 
gion 900 to 1650° F 


acid attack, is corroded between the micro grains and fails 


- such material, subsequently exposed to severe 


** 














0 20 30 40 S80 6&0 rapidly. The extent of carbide precipitation in this sus 














































Cold Reduction, Per Cent ceptible material is shown by Fig. 5 (page 156). Normal 
j Effect of Cold Drawing corrosion resistance can be restored by reheating in the 
sile Properties of innealed range of 1850 vm S00) - 
| r-FM Stainless Steel Wire - 
40 and water quenching. 
S Carbide precipitation 
fol these steels, care- ~ 50 | i —s . 
i ae 2 20 with consequent suscep 
ful hie iting Is required, as F x Analysis: tibility to intergranular 
{ is important that. the & 500 © 10 Greae C Mn S Gr M corrosion can be 
a S 8-8 005 054 0020 18.85 940 
lal be a - 250 0 ~ : 
metal be uniformly heated 8 B8S4M O06 061 033 1850 955 greatly minimized by 
before work is started. as | | holding the carbon 
lemperatures for forging ® 150 4 below 0.07 
. ‘ f« 
nd hot rolling var . & h Uti 
re hot gmt pega | ® 100 +. 80 Ultimate Strength rhe damaging effect 
what with re grade, bu mi) , 
: 50 8 60 of heating at 1150" F 
isual practice is to start § p 
= of 40 for the short period of 
Vo) <1 ’ P . "{ as 7 _ ” ; 7 *”» 
rking from the range of S an x Elongation 2) min. on the resist 
150 to 2200° F.. and finish 8 a 
= ait sti So Tr << ance of O.10% Cy, 18-8 
() Hoo . S . . _- 
thove 165 F. As shown on Ss 0 10 20 30 40 50 S-FM alloy to 65 boil 
page 197, it is possible to make Cold Reduction, Per Cent ‘ng nitric acid solution 
! thie ‘| “4 } “sy as ‘ uf, ” * 0 gp go , . > ai . 
ither intricate forgings, and Pig. 3 Free-Machining and Regular is given in the following 
with more careful practice, Grades of 18-8 Cold Work Similarly 
one can forge these free- 
machining alloys into almost any shape possible Analysis ; 
with the regular grades. 10 Grede C S Gr NM Mo 
Heat’ Treatment —— Sulphur and_ selenium, D 12%Cr-FM ON O35) 1251 O41 O46 | 
i: 2)12%Cr = AI2 O01 1219 021 O56 
the amounts present in the free-machining 8 2 | n 
stainless steels, do not materially affect their 
response to heat treatment. Therefore, the 8 10 
Sale procedures used for processing the cor- 
ute S 
responding regular grade are applicable. The = & 
dilatometer curves in Fig. 4 show that 0.31% R 4 6 
P ; : & 
sulphur in a regular 12% chromium stainless  & 
steel containing molybdenum, does not change § & 
| ical point on heating, but prevents the s 
sp ransformation™ on cooling. This indi- @ 0 4 5 
it hat the critical cooling rate has been 
} . . . . 
d, thus permitting a faster rate of cool- 2 Average Cooling Rate 
er annealing the high sulphur alloy. Ar? 135 *C:/ Hr. 
; ; : : ’ 2 
H . its hardening capacity is not affected, 0 
ll normally harden above 375 Brinell 20 200 400 600 800 1000 
| quenched from 1750° F. Jemperature, °C 
18-8 grades are annealed or softened Fig. 4 Comparison of Heating and Cooling Curves 


. - ‘ i. on 12% Cr and 12% Cr / VU Stainle ss Steels Th Li 
vin the range of 1850 to 2000° F. and , | 

points are the same, but the Ar transformation for the 
COO ed by water quenching. In this 12% Cr grade spreads over a considerable ranqe 
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“iron” rather than ; 


“steel”) and cannot be 
appreciably hardened 
by heat treatment. It 
therefore is generally 
utilized in the annealed 
condition, or after it 
has been hardened and 
toughened somewhat 
by cold drawing. 
Welding In gen- 
eral, the free-machining 
stainless steels are not 
as suitable for welding 
as the regular grades. 


The most weldable ones 


alloys, it is necessary to heat above 1525° F. and cool 





figures, in terms of inches penetration per month: - - 


- 
TREATMENT Is’ 48 Hr. 2np 48 Hr. = - .~ 
Annealed (1950° F.; water al - 
quenched) 0.0352 in, 0.0758 in. - = 
As above; then heated to 
1400° F. for 30 min.; — 
air cooled 0.0642 0.1660 + 
Phe 12° Cr-FM alloy as well as the high car- 
bon, free-machining stainless steels — can be hard- 2 9 : 


ened by heating to above 1750° F. and cooling fairly r. 
rapidly, such as by oil quenching. A wide range of . 
tensile properties can then be obtained by tempering - oa 


this material. (See Fig. 6.) To fully soften these - 


Fig. 5 Precipitation of Carbides Along G: 


slowly in the furnace to below 1200 I, Boundaries in 18-8 S-FM_ Stainless S 
The 17'¢ Cr-FM grade is a ferritic allov (an Consequence of 30 Min, Heating at 1% 


Electrolytic NaCl Etch. Magnified 500 di 



































e~< . 400 
y D 
e~ \ a ¢ 2 . > > ~ 
180 Ultimate Tensile Strength —. 350 & are the 18-8 S-FM 
\ g 18-8 Se-FM. Experie: 
\ 
160 ‘cx Brinel/ Hardness 500 © has shown that du 
\ . 
\ rR, & welding the sulphur 
sj 140 X ~— 250 bp , . 
ny °* h “sh, is selenium particles 
‘ nia = 
PS 120 Yield AN 200 > to decompose and [01 
& Strength, 0.2 % Set = gases, and cause slig 
. 100 | + ’ *n =i J50 SN : ° 
S ° porosity in the de 
= " ited metal. Neverthe! 
& 80 , ~~ l . 
iS Elastic Lirut | with proper techn 
, 5 , 
. 50s Reduction of Aréay +> strong and ductile wi 
£ | ———— «| 
iS 40 \s [z00 ° 
= ] Impact <s 
oe ae Fig. 6 Wide Range of Prope 
20 9+ eee ; , 
b._|— ---------7° Latin by Heat Treating 12% Cr-FM § 
gl ge less. lnalysis: 011 
_1__ 800 1000 1200 _, aaa C, 0.50% Mn, 0.30' 
Full Hard 1800 %, Temperature, F ull Annealed 1550, 12.50% Cr, 0.2 
Gil Quenched Tempered 5 Hrs., Air Cooled Slow Furnace Coo/ 
Fig. 7 — Zone of Fusion in 18-8 can be obtained. In are or gas welding 
S-FM_ Stainless, Arc-Welded it is best practice to use regular 1 


With 18-8. Unetched view 
above (at 200 diameters) 
shows clean weld at upper 
right; lower view of same area metal is free of sulphide particles 

(at 100 diameters) has been All the free-machining. stainless 
etched with aqua regia 


material for electrodes or filler rods, a 


as shown by Fig. 7, the are deposit 


steels can be welded by the elect! 


resistance method, but here again 


straight chromium grades are less suitable than the 18-8 type 


Table II shows the tensile properties of butt welds on the two I“ 
free-machining grades, as well as the regular type. It will be not 


that elongation is lower in the butt weld, this being particularly tr 
with the free-machining grades, as elongation is reduced to 
one-half of that possessed by the metal outside the weld 20 
Despite this, the butt welds withstood a 180° bend, indicatin, st! 
ficient ductility for most uses. 

Machining — As pointed out in a foregoing paragraph, th ¢ ! 


culty experienced in cutting and machining the stainless stee! 
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Table Ill — Tests on Resistance Welded Butt Joints 











18-8 18-8 S-FM 18-8 Se-FM 
PROPERTY 
Base Meta, Burr Wev_p Base Meta Burr Weipo Base Merat Burr Wein 
ite strength, psi. 90.000 89.500 86.500 81.000 100.000 96.000 
i strength, 0.2% set, psi. 35,500 38,000 32,790 39,790 33,250 36,500 
sation, 60.0 50.0 55.0 34.5 53.5 10.0 
| ction of area, 70.0 19.0 58.0 33.0 62.5 34.5 
well hardness 77 B-78 B-80 B-79 B-78 B-78 
| bend 180° OK 180° OK 180° OK 180° OK 180° OK 180° OK 
du their inherent hardness, but rather to machinability is due to the particles present in 
the ughness, coupled with a relatively high the metal matrix, which lubricate the cutting 
ent of friction, resulting in a tendency for edge of tools and, at the same time, cause chips 
hij » adhere to and build up on the tool’s to break more freely. Also, the coeflicient of 
cult edge and cause premature failure from friction is reduced considerably, as evidenced 


Addition of sulphur or selenium 


mil ves these defects and permits machine 


speeds and feeds impossible with the regular 
! rae Ss A of 


free-machining stainless steels are 


few the many parts machined 


irom the 
shown in the accompanying halftone (page 158). 


\ll these finished parts were made in the pro- 


duction line, and illustrate a very high order of 
nen hinability. 
It is not clearly understood, but it is Sen- 


issumed, that the improvement in 


itty 





Vachining 


Forged From Free 


2) 


Shapes Can Be 


f 





Sie 





ipril, 1941; 


bv a lessened tendency to gall and seize in ser 


ices involving sliding metal parts in contact. It 
is difficult to evaluate relative frictional prop 
erties of metals, but in many cases where the 


regular stainless steels galled or seized in sery 


ice, the substitution of one of the free-machin- 
ing types eliminated the difficulty. 
Since 


progress 


their first introduction considerable 


has been made towards producing 


these alloys with better machining characteris- 


tics. Also, the user is constantly devising better 


tinless Steels When Correct lowed 
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and Details of Chip Curler Grooves for 


tooling and 


methods for machining. 


improved 


Turning 


Hook 
Tools 


} ig. q 
for Form 
Vachining 


Although acceptable 


results can be obtained 0 Curler 
with tooling commonly 


culting ordinary bessemer screw 


“—~? , 
/ ° 
| | | ] | ) per minute, ane 
stock, cutting speeds and feeds ( 
; | i= | ——s been kindly su 
can be increased considerably by — Rice. niin ueminaiial 
Pars i E ’ v i Clate, 
special tooling. 7" i. " : 
STEVENS. 
Of primary importance are Front View 0108 VIEW 
the tools made of high speed steel. 
. ° ° . i - A> 
Phe 18-1-1 tvpe is the most satisfactory for general use. f a ho” > 
; ; 7 ori 2 land j 
Cutting tools and work should be lubricated with a sul- . (, f 
' cael , 12° to 15° f y 
phur base cutting oil diluted with paraflin oil. Greatly fron v/ 


increased tool life is obtained by proper grinding to pro- 


used for 





Stainless 





vide adequate clearances and a groove for chi 
The grinds and clearances found to be most 
tory for drilling, forming and turning the free 
oc. 8.9 and 


> 


ing stainless steels are shown by Fi 

Experience has shown that metal with a | 
slightly above that of the annealed conditio: 
machined at a higher rate, and at the same tin 
a better finish. The free-machining stainles 
possess best machining properties at about 200 


In the 18-8 grades, this hardness is obtained 


drawing, and in the straight chromium gt 
either heat treatment or cold drawing. 

The relative cutting speeds for a tool life 
for the various free-machining stainless steels 
as the corresponding regular grades, in the a 

and cold drawn condition at 
below, based on turning te: 


commercial turret lathe usi 


Grinds ole ltt 


cut, 0.0075-in. feed, chip curl! 


| 
| | 
bal Top View 


jor 


base cutting oil a 


J 





cant. Figures 


surface speeds 





Y [ y/ / 


Double Clearance Drill 


Fig. 10 Two Methods for Gr! 
Drills for Free-Machining Stainte 


Grooved Dr 


Cutting Spveeds for 5-Hr. Life 


(iRADI ANNEALED Cop | 
17% Cr 100 1 
17% Cr-FM 137 I 
12% Cr 105 l 
12% Cr-FM 116 l 
18-8 86 

18-8 S-FM OS | 
18-8 Se-FM 80 


It will be noted that under these co 
the 17°. Cr-FM grade exhibits the best ! 
ing characteristics and this has been co 
One shop repor! 
Cr-FM 


was able to increase culling speed by 3 


by commercial shops. 


on substituting it for the 12% 


at the same time secure a better finish a 


tional tool life. (Continued on pa 
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...aids for production 


Now that many plants are getting into produc- 
tion of new parts requiring high precision and 
made of high tensile alloy stcels, your shop 
men will welcome these helpful facts. Though 


of higher than average hardness, Nickel-tough- 









ened steels are readily milled, machined, 






drilled and ground—even after heat treatment 







—by observing simple precautions. 






mantic: ; eauime « oa Poon 
Practical, time-saving shop practices are Mme Ta alg eh Fagan 


New Bedford “a 






pictured and explained in four authoritative 
















ae 
reprints shown on this page. Copies are avail- oe hing ena es inca mi 
able, without cost or obligation, upon your re- > oe win re ora = Wed ane a2? * 
quest to The International Nickel Company, mye ea ee : “oe Severed iF 
Inc., at the address below. Make sure your pro- _ — renege 
duction men receive this helpful information = = mem eb ae rien wate 









witing 1 us ¢ rch 
finer tect ‘th For nian m the we 
Phere Cutting a th spacing arp Guten Cuts, cus a eed steel. 


. write for these booklets now. 


THE INTERNATIONAL NICKEL COMPANY, INC. xcwvor: ».v 
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DDIETLON OF TUNGSTEN AND TUNGSTEN 
\ steels recently to the priorities list’ has 
resurrected memories of 1914-1918 when the 
price of tungsten and high speed toolsteel went 
up through the roof and eventually had to be 
put under control, Are we headed toward a 
similar situation in 1941-42? 

\s shown by Mr. Em™owns in his article on 
page 127, the “normal” consumption of tungsten 
(as measured by total steel ingot production in 
1936 to 1939 inclusive) is 0.12 Ib. tungsten per 
ton of steel. Since we made 66,674,000 tons of 
steel ingots in 1940, this would indicate a 
requirement of 8,000,000 Ib. of tungsten metal. 
\s a matter of fact, the actual consumption in 
HO was on the order of 10,000,000 Ib. The cur- 
rent ratio, instead of being 0.12, is therefore 
more like 0.15 Ib. tungsten per ton of steel pro- 
duced. Are we headed for larger ratios like the 
0.20, 0.17, 0.33 and 0.28 of the vears 1916 to 1919 
inclusive 

lhe justification for measuring tungsten in 
lerms of steel ingots is that 90° of the tungsten 


is made into metal forming and cutting tools, 


i] a . 
ind that as more steel is made, more tools are 
required to forge and machine it. Likewise, 


steel production is an accepted index of general 


ndustrial activity when a lot of steel is made 


the people of the United States and our foreign 
ustommers have money to spend for plows, auto- 
mob id sewing machines, and it requires a 
proj mate amount of high speed steel cutting 
lool nake these things. 


allowance is made for the inevitable 
ends lo stock up in times of prosperity, and 
e fat in times of depression, the ratio 
n tools to steel ingots appears to be 


ing over the last 30 vears, but not at 


ipril, 1941: 





tis husbanded 


LOUGH TUNGSTEN for 41 


By Ernest E. Thum 
| Metal Progress 


guo! i at 


such a rate as to anticipate such a high con 
sumption of tungsten into toolsteels in 1910 as 
actually occurred. (See the lower curve on 
page 429.) 

The true explanation largely rests on the 
same circumstances that existed during the last 
war, when the ratio of consumption shot up to 
0.25 Ib. tungsten per ton of steel. These are four 
in number: 

First: An unusually large number of new 
and powertul machine tools are getting into 
production, frequently into entirely new and 
specialized plants for aircraft engines, tanks, 
arms and ammunition. It takes far more high 
speed steel to fill the tool cribs in these new 
plants and departments than it does to keep 
them going, once they are tooled up. 

Second: An unusually large proportion of 
our expanding steel production goes into highly 
machined parts. Normally we would find that 
the tonnage of tinplate, rails, fence wire and 
corrugated iron that requires little or no machin 
ing would go up in a prosperous vear as fast as 
the forging billets, castings and other metals 
that require a lot of turning, drilling and milling 
before they are salable. In 19141 the tonnags 
peace-ltime demands may be expected to be 
stationary or receding, whereas the amount of 
steels and allovs for machined parts — highly 
machined parts — is rapidly expanding. 

Third: Machine work on aluminum cast 
ings and forgings (and drilling for rivets) 
requires a disproportionately high amount of 
high speed steel. 

Fourth: The sudden expansion in toolstee! 
demand correspondingly increases the amount 
of tungsten apparently consumed but really in 
in transit, being smelted, in steel mill 


process 
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stockpiles, existing as croppings and mill scrap, 
in tool makers’ bar-stock supplies and on tool 
jobbers’ shelves. This, of course, is a temporary 
demand; soon the industry becomes balanced in 
its production at a higher level. 

With these items in view, how much tung- 
sten may be needed in 1941, assuming near- 
capacity operation of our steel industry (84 
million tons)? With all due appreciation of the 
dangers of estimating war-time needs by peace- 
lime records, one might guess as follows: 

In 1936 to 1939 we used 0.12 Ib. tungsten per 
ton of steel for pacific purposes. 

In 19140, straining to get into armament pro- 
duction, we used 0.15 Ib. tungsten per ton of 
steel. 

In 1941 the same increase should be antici- 
pated; we should visualize the need of 0.18 Ib. 
of tungsten for all the steel we can make. 
0.18 84 million is 15,000,000 Ib. of tungsten, 
half again more than was used in 1940, 

Where can we get that much? 

We get our tungsten from home and abroad. 
What is the probability of expanded mine out- 
put in the United States? 

Our tungsten mines have been reasonably 
stable in production since 1936, despite rather 
wide fluctuations in price: 


1936 2,486,000 Ib. of tungsten 
1937 3,331,000 
1938 2,897,000 
1939 4,080,000 


1940 figures for mine shipments are not yet 
available from the U. S. Bureau of Mines, but 
may be estimated at 4,500,000 Ib. tungsten. Cur- 
rent prices are somewhat “nominal”, but at 
$25.00 per unit of 20 Ib. of contained WO, 
($1.25 a pound of tungsten trioxide or $1.00 per 
lb. of contained tungsten) are suflicient to 
encourage a surprising number of small mine 
owners to equip litthe concentrators to produce 
mineral of specified grade (60° WO, content or 
better). The two largest American producing 
mines —- Nevada-Massachusetts Co. and U. S. 
Vanadium Corp. in Nevada and California 
respectively — are each actively enlarging their 
facilities and by fall will be producing from two 
to three times their present tonnage. During 
1941 the trend of production by the little mines 
certainly will be upward, and the leading pro- 
ducers sharply upward. Confidently we may 
expect 6500 tons of 60° WO, concentrate in 
1941, equivalent to 6,200,000 Ib. of tungsten. (By 
the end of the year the production rate should 
be at least 600,000 Ib. of metal per month.) 





Now, figuring the 1941 requireme: it 15 
million and the American production a! | 299 
000 Ib. of tungsten, that leaves 8,800,000 |; 
metal to be secured from abroad. Bi: firy 
what of the undeveloped possibilities 
own country? 

The U. S. Bureau of Mines and th U. s 
Geological Survey have, for nearly tw ears 
been investigating tungsten prospects and mines 
big and little, doing enough developmen) wort 
on favorabie sites to estimate the poten|alit 
of each. Explorations consist of  trenchi 
diamond drilling and sampling of undervrouy 
workings. To date, no rich deposit has be 
discovered, but the unmistakable indicatio 
are that we have a very large amount of Joy 
vrade ore. Development of such deposils wi 
require not a temporary higher price, but 
assured market long enough and high cnoug! 
to return the development and plant costs. Fo; 
tunately the so-called Strategic Metals A 
authorizes the purchase (by the Procurement 
Division of the Treasury Department) of tung 
sten at prices and under conditions as 
develop necessary American resources. 

None of these possibilities, while importa 
to our future resources, can hardly be expect 
to augment our 1941 supplies. So, as before, \ 
have to find 8,800,000 Ib. of tungsten abroa | 
This is on the order of the amount imported 
1918 and 1919 in the last war, when the roa 
were open to China, the principal source of 
metal. It is also many times the importati 
of 1939, the last year of published figures 

Data for importations in 1940 have not ) 
been released for publication, but it may 
stated that Argentina, Bolivia, Peru and Mex 
expanded their shipments to us sevenfold 09 ‘ 
1939, and the 2,500,000 Ib. received from the 
was suflicient (with local mine production) 
70° of our needs last year. Imports from 4 
the rest of the world during 1910 — certa S 


very large — therefore went, for the most pe 


into warehouse stocks and government st 
piles. 

These imports from the Americas 
rently at a still greater rate than the av 
for 1940, and a conservative supposition will 
3,500,000 Ib. of tungsten from these coun'ries 
the south of us in 1941. We therefore ve 
15,000,000 
6 20001 


Estimated requirements 
Estimated U.S.A. production 
Estimated production of 
8.500.001 
5,300,000 ib 


southern countries 
Apparent deficiency in 1941 
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are three sources from which we may 
deficiency. First is to draw down the 
ocks in our own ferro-alloy industry 
three or four months’ supply). A 
by releasing tungsten from the mount- 


st 


pile owned by the Procurement Divi- 
e Treasury. This can lawfully be done 
defense requirements. Third is by 
imports from the other hemisphere, 
it ly China and Portugal (Australia and 
Sou ‘rica will doubtless ship to England). 
At] it the difficulty is more in getting ships 
this ore than to collect it at foreign 
33,000 tons of it 


two years’ supply) 


ports ready for shipment. 
(31,000,000 Ib. of tungsten 
s already purchased, according to Jesse JONEs’ 
statement on Feb, 22, in reporting on the activi- 
ties of the Metals Reserve Co. At that time 
450,000 Ib. of this metal was reported as “afloat”. 
\ctual arrivals at L. S. ports in the first three 
months of this year from sources outside this 
hemisphere have been at a rate sufficient to 
cover the apparent deficiency and leave a com- 
fortable surplus. 

Now it may be asked, “Can we smelt this 
amount of ore; convert it into ferrotungsten or 
ito the compounds useful for direct furnace 
additions?” The answer is yes. The two firms 
that handle almost all of this business have suc- 
cessfully taken care of the doubled requirements 
in M10. Further necessary expansions are under 
way. the methods and equipment are not too 
complicated nor expensive. 

\ll things considered, there will in all prob- 
ibility be enough tungsten delivered during 1941 
lor the actual requirements. 90° of it will be 


ised in alloy steel, principally high speed tool- 
steel. So much of it will be government-con- 


rolled and earmarked for defense that there 
will be none of it left over to build up private 


manufacturers’ stocks, either of ore, ferrotung- 
ten, or tungsten steels. In fact, the priorities 
w force will see to it that defense industries 
Have first call and will get all the high speed 
steel they need. Industries serving civilians will 
ive conserve what tools they now have on 


d for many purposes may quite prop- 
Ly required to buy cutting tools that use 
CSS sten — either a carbon toolsteel, a low 
steel, a molybdenum-tungsten steel, 
cemented carbides or a low tungsten 
Fortunately, when any of these tool 
are properly applied, they give out- 
erformances. They merely need intel- 
t tion, treatment and application. © 


OPENHEARTH 


design and practice 


By ‘illiam C. Buell, Jr. 


Extracts from article in Iron and Steel Engineer, 
Varch 1941, page 28 


N AN ATTEMPT TO EVALUATE AMERICAN 
basic practice, a large number of operating rec 

ords were collected from 35 steel producers, repre- 
senting four-fifths of our ingot capacity. Suflicient 
information about 21 plants is available, ranging 
from data about a single campaign of a single fur- 
nace to summaries of an entire plant for a year, 
to make some interesting general conclusions, as 
set forth in what follows. 

Openhearth steel making (ingot cost) ts 
alTected by four cardinal items, each one of which 
has secondary divisions, as follows: A. The lur- 
nace; B. The Plant Layout; C. The Iron and Raw 
Material Supply; D. The Personnel. All these 
and their secondary factors) must be coordinated 
to the highest degree to achieve better than aver- 
age costs. 

Let us first examine what the available figures 
say about various factors of furnace design. 

Bath Depth 
ity of the openhearth bath (the metal volume 
actually contained) has little or no effect on the 


It would seem that the capac- 


quality of the steel made therein. In the great 
majority of the hot metal plants, steel is usually 
made in furnaces tapping from 125 to about 200 
tons. Furnaces approaching the latter capacity 
appear to offer the optimum economic practice, 
Various delays in charging and teeming, and dit 
ficulties with soaking pit and blooming mill sched- 
ules are apt to nullify the advantages of the large 
furnace units. Today hearths are seldom more 
than 36 in. deep; if satisfactory steel is made in 
the deeper baths an unduly long processing time 
is required, 

Production Rates Time of heats and rates 
of production are interrelated As a unit of com 
parative production rate and over-all operating 
effects, we have chosen the value P, meaning “pro 
duction of steel in net tons pel hr.., per L000 ecu. 
of metal volume being tapped” 

This places the results of the operation of all 
furnaces, no matter what their size, on a directly 
comparable plane. Further, this rating is founded 
on the metal actually tapped into the ladle, the 
only really accurate value of steel making prac 
tice. Using now for 7, the time of heat from 


charge to tap, it is easily Cont. on page 482 
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SELEC TIO 





as affected by 


—_ limit 


| * THE FIRST ARTICLE OF WHAT MAY BE 
a series (March 1941 Merat ProGress) the 
tensile test was discussed somewhat informally, 
and the conclusion reached that it is very useful 
to compare one order of metal with another that 
had proven satisfactory in a_ given service. 
While the elements of mechanical design are 
based on tensile and shear strengths, the actual 
stresses in a part in service are so complex, and 
the designer usually provides so much extra 
metal that it very rarely fails from being pulled 
or torn apart. Most machinery wears out. Most 
of the rest of the failures come from “fatigue” 
of the metal, and that is what this article will 
now discuss. 
“Fatigue.” Metal does not get tired, but 
something happens inside — what it is, we do 
not know. “Fatigue failure” means failure of 
material after repeated application of a load 
that it will safely stand in one application. 
After ali, it seems surprising that a hardened 
steel specimen, which will carry 215,000 psi. in a 
tension test without showing any plastic defor- 
mation, will break by the application of 120,000 
psi. if repeated often enough. The endurance 
strength (that is, the load that can be withstood 
for an infinite number of repetitions) is ordi- 
narily but not necessarily below the vield point 
and is close to 50° of the tensile strength. 
A fatigue testing machine is a simple look- 
ing affair; eight or ten of them can be placed 
on a table. The most used specimen is shown 
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By Gordon T. Williams 
Ms 


l ex re cy 


in Fig. 1. Each end is carried in a long bea 
and each bearing is swivelled so that weig 
hung on each will load the specimen as a ly 


that is, compression on the top elements, | 


9 


sion on the bottom. A small motor now i 
this specimen rapidly, and it is evident that. 


element goes through a complete cycl 


compression to tension and back again dui 








he 13" > 
-027"to 030"Dia 4 
- = 
[ a 
T 
.985"Red 
Fig. 1 Specimen for Determining End 


Limit of Strong Metal in a “Rotating Beam” M 


each rotation. Also that the maximum stresse 
will occur on the surface at the reduced por! 
of the test piece. 

This testing is not to be undertaken lig 
It takes dozens of specimens to establish fats 
characteristics, specimens which are expens 
and have to be run literally for milions 
cycles. Examine Fig. 2, the curve plotting 
results of a series of such tests. The bh 
scale is logarithmic, so that 100 milli 
can be plotted on something less than 
wall paper. We find if the specimen 
a load of 63,000 psi. for about 40,000 les, 
breaks. When putting on 60,000 psi. i (l¢ 
break until 10° or 100,000 cycles. We fo: od! 
































sut on 55,000 psi. for 400,000 70.000 oY T T 
: ' 
roke. Similarly, we got up to 8 
) : 10,000 applications (10°) at Sc 
ul . ; ; BS 60,000 
000 psi. before it broke. 26 
il . CY 
I) the load, we find that we can S & 
" ” * — , —— vq 
Pe > * <« , , 
| of 48,500 psi. for an indefinite 2S 50,000 
aN 
cycles. Q 
: . = > , . . ; 'S } 
that this is a nickel-chromium & 
5 ealed dead soft (by furnace 40,000 No , a —— 
on 4 . . U U* 
to 87,300 psi. tensile strength. ienher of Cycles for Frecture 
» “pull test” it did not break ' 
in a le | ate : Fig. 2 Relation Between Stress and Number of Applications 
nt load reached 87,300 psi. How- for Failure (“S-N Diagram”) for a Steel Having 3.3% Ni, 0.9% 
eve broke in a “push-pull” test, Cr and 0.25% C, Furnace Annealed to 87,300 Psi. Tests 
. ° ° = 4 ; ar ( , ¢< "One le ere ire ) oOore ( ( ( - 
epe 2 million times between 50,000 made in dry air at room temperature by Moore and Jasper 
si f on and 50,000 psi. compression ! 
‘ s made of a similar material whose an indefinite number of cycles is down to about 
| 
idurance limit as determined on_ polished 15,000 psi. A coarser thread on a larger root 
mal specimens was 51,000 psi.-— are of par- cuts it down to about 37,000 psi. The thread, 
nterest to aircraft engine builders, so a however, is very much stronger than a series of 
mber of 14-in. specimens were machined with plain grooves. The results show that a *.-in 
28 threads per in. Tests were run, the available diameter round with 24 grooves per in. has an 
: ficured at the root of the thread, and results endurance limit of only 21,000 psi., and a 14-in 
ted in Fig. 3. Notice what happened: Simply round with 28 similar grooves stands but 12,000 
1 those spiral ridges has cut endurance Here is a good steel, worth 51,000 psi. in 
t. and the load that can be carried through normal fatigue, whose resistance has been cut 
to 12.000 psi. bv Srooves This is 
a perfect example of the damage 
“ from surtace irregularities 
T T T Figure 1 (page 165) shows 
another thing we must. worrs 
t t about. If specimens or the actual 
ta parts on which we run fatigue 
< Norm AAD & rn . . 
. T ‘ mT 1) 24 verre Sweswr we tests are highly polished, we will 
LS get value for endurance limit that 
is called 100°C. It will be roughly 
oy of the tensile strength, 


regardless of whether the tensile 























4 strength is 40,000 or 220,000 psi 
“y + + + + a} + +++ 
ee | | If samples are normally polished 
, _“ 47; - Bn . 
; ¥@* 24 Threads per In. ee 
, > oe “ ’ instead of mirror polished, we get 
\ + | + + 44 o> + , . . 
‘ | nearly 100° of full endurance 
a 
¢ . limit on the weaker material, but 
as we improve the tensile strength 
of the steel by heat treatment, the 
°| + + 7+ + + > + + + + + . , . . 
effect of the slight roughness is to 
~ cut the endurance limit to 85% 
. +—+—4 + +—+- rz + + + + N tay : 
r% y “ ee ee * of the perfect condition. Machin 
\ NJ N VO-<F 08 4 oroore. ; 
s - ing marks on the higher strength 
' + v-++ + + ++ -+ 4 + 
material damage it even more 
down to 70' 
wv + > + -—+ 7 
vr sa naan ‘ 
~~ 4~*28 perln., Groove. 
t —¥ + Fig. 3 kffect ¢ Sire Specimen and 
Number of Threads per In. on Endurance 
06 107 08 n9 f Heat Treated Alloy Steel Rounds With 
"]29 Vormal Endura Limit 7.000 Psi 


t ey 
Number of Cycle. 
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With a circular notch, the — 
| ith a circulat ote the Mirror Polished 
high strength material takes what 100 Y = 
might be called an awful licking. ¢ Polished 
If soft steel (with a tensile 80 Machined | 
strength of 50,000 psi. and an & 
endurance limit of 25,000) has a & With Shano Circular Not is te 
circular notch its endurance limit « 60 SS OR a ee ee 
a > » With Mill Scale 
may be expected to be 85‘ of 5 ++ + 
“normal” or 21,000 psi ‘ver & 
normal” or 21, psi. However B 40 ~~! 
a hardened steel of 210,000 psi. 8 | | 
; ° 66 “ es s D Y 4 — 
would have its “normal” endur- S Under Salt Water - 
sadeaiat alin ol - oS 8 20 cn Mle as ast EE NEEM 
ance limit of 105,000. psi. cut to S Under Ordinary Water a ay 
10°; of what a smooth specimen nan kk . 
would give — that is, the endur- 0 —— 
ance limit is now 42,000 psi. It is . eS 8 2S Ss em 
pirosatelicnsmnag sl nenedenee Ultimate Tensile Strength, 1000 Psi 
at the same time very interesting 
to notice that mill scale is even Fig. 4 Best Results in Endurance Tests Come From VJ 
al <— ae 2 Polished Specimens Run in Dry Air. Rough surfaces, nol 
more damaging than a sharp cir- and corrosive surroundings reduce the fatigue limit, espe: 
cular notch; strangely enough tap of heat treated steels (Karpor, “Metals & Alloys”, Dec., 1939 


water is quite damaging; salt 
water even more so. Avoid Sharp Notches 


Don't forget that the higher strength mate- 


rial is more sensitive to notches or damage of Shape of the notch also has an importa 


any sort. effect. F. F. Jounson of Spencer Mfg. Co. has 
Note the serious trouble from corrosion. reported a notable series of informative tests 

. . : , > srsvpe , ‘y 
Running tap water will in Automotive Industries, Noy, 2 


° . a) ‘ 73 - ar? R 
reduce the endurance limit le Sig“) 1934, and Fig. o summarizes h 
of the strongest steel to that j = results. He took a 1-in. bar of SAI 


. : ‘ “ - ae ee 3 1) 394 
of wrought iron. Hence the 3140 and heat treated it to Brinell 32 























~ & \ A=81000 , a ) 

necessity for using high cop- i 7 In this condition it had a tensil 
per alloys, bronzes, monel Va"R strength of about 150,000 psi. and its 
and stainless steel in corro- , 4 endurance limit would be about 75,00 
sive surroundings. The sur- .! & psi. He then carefully cut differen! 
face, that carries the highest 7 ; 875,400 shaped notches of equal depth in sev 
loads, must not be notched . pieces, and put them in a_ rotating 
by chemical attack. beam machine, so loaded that th 
The question is asked } 5 computed stress at the base of U 
about the relation of heat to 7 S C=19,000 notch was 77,000 psi. A smooth b 
the endurance limit. This ! . tested under these conditions wou 


reduces more to a considera- —205°R run to millions of stressings befor 


tion of the effect of heat on 1 J would break, if at all. Note w! 
the corrosive attack bv the T hi D=14450 actually happened: 
; - 




















metal’s surroundings than to ! A: A nice fillet ran for 81,00! 
the effect of heat on the > 50% lutions. 
metal’s inherent fatigue i B: A liberal fillet -—- not a 
resistance. Extensive tests, 7. S E =13,536 as A 19,400. 
. . *. ar area or  f i) 
for instance, have been made ! : na ‘. roe th age 
’ dy: 14,450. “rankly, ! 

on the endurance of turbine 250% Q02"R er, 
blades in superheated ste; i perhaps re-running of these tests mip 

ade: superheated steam, i 
but tl : ‘a show that C landed out of p 

» os - oe - _ 

ul l¢ Main requirement 1s S F =13800 sharp groove should be a mor y 

non-corrodibility, ! ing notch than the rounded one 
nso"  O0P"R E: A very sharp notch bri 

ae } im 13,530 loadings (revolutions) 
Fig. 35 Shape of Notch Has Z 4 ” 7 : Leoutal — 
Pronounced Effect on Number 7 S G'= 12,650 G: A moderately shar} 
of Load Repetitions to Failure t I 12,600. 
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by manipulating size of grooves, we 
yped all the way from 81,000 revolu- 


12.650 revolutions before failure. 


iave cited so many cases where the 
e limit of a metal may be damaged 
end is not yet) that it may be well 
’ mething about what can be done to 
the endurance. (Of course we can 

the inherent capacity of metal by 
le shape and protection from corrosion.) 


far 

have already seen that failure by alter- 
nat tress (fatigue) is greatly accelerated in 
cor! e surroundings if the nature of the alter- 
ating stress puts fension on the surface. On 
the other hand, corrosion is innocuous if the 


surface is merely under fluctuating compressive 
loads. It is almost as though the corrosion 
penetrates into regions where the atoms are 
stretched apart slightly — into something like 
tinv cracks — whereas the attacking corrosive 
substances are repelled when the metal atoms 


ance limit, the same as machining defects can 

Figure 6 shows results of effect of decar- 
burized surfaces on the fatigue strength of car- 
bon and alloy steels. Again we see the higher 
the strength of material, the more sensitive it is 
to damage. If steel has a tensile strength of 
60,000 psi., it doesn’t matter whether it is decar 
burized or not, because decarburized steel (soft 
steel) will have a strength of 60,000 psi. That is 
as good as the steel itself. Notice on 200,000-Ib. 
steel, where we can get a fatigue strength of 
105,000) psi. without decarburization, it drops 
down to 50,000 if decarburized in heat treat- 
ment. This has nothing to do with loss in size. 
These samples were decarburized in a way that 
gave no size change. 

A good example is a splined shaft, decar- 
burized in heat treatment. Afterwards the shop 
carefully grinds the shaft without touching the 
groove. The groove is where the crack will start 
anvhow, and if the decarburization is still there, 

the damage is accentuated. 


Decarburization is also a 
















: 
e and » Houdremont and Bennek very potent factor in the life and 
s eand 0 Hankins and Becker ~- serviceability of leaf springs. 
S 199 | #and 0 Hankins and Ford +——+4 i i acs 
S| » ands Bums ‘ The automotive industry has 
S | ™« Gillett and Mack made tremendous strides in 
S & + — Estimated fram Brinell Machined and _.__, improving quality of springs by 
Pe Heraness Number Polished Specimens — — . 
= ee ae ae Se tw oe eee watching for surface defects 
_ - and decarburization, going to 
S the limit of grinding the flats. 
& + en eee | ° Valve springs also suffer badly 
me 4a, — © ‘ . 
So 4 - — from decarburization during 
~ Co , 
» t ‘Sn Ran Geen Gees een Ge improper heat treatment. 
. =a 
& — . ” ” . . ° . 
re }js4 | AS Heal Treated * (Decarburiz6d) Specimens | Mention of springs brings up 
“2 the problem of full-sized tests. 
The problem of translating 
4 60 80 100 120 140 160 0 200 20 information derived from rela- 
Tensile Strength, 1000 Psi tively small laboratory pieces 
Fig. 6 Effect of Decarburized Surfaces on Fatigue into know ledge about the prob- 
Strength of Carbon and Alloy Steels (Rotating Beam able action of relatively huge 
ype of Testing Machine). Data collected by R. W. Clyne : 
machine or structural parts in 
service, is a problem that faces 
are always squeezed together somewhat. How- every materials man and designer — especially 
ever that may be, the practical aspect is this: now, when scale-model tests are fashionable. 
If a perly made axle, piston rod or propel- This “scale” or “proportionality” effect 
ler blade is finally burnished by pressure roll- leads to some disquieting doubts when one reads 
rs iin surface layer of metal is put in a Oscar HorGer’s article on engine axles in Meral 
col m of strong compression, so great in ProGcress, February issue. Made of 045% car 
ni that the loads of service never stress bon steel and tested (either as forged, or sub 
iT stressed surface beyond zero to tension, sequently normalized) the endurance limit of 
in and resistance to fatigue in atmos- emery-tinished, rotating beam specimens up to 
hie steam and oil corrosion are greatly 2 in. in diameter is about 31,000 psi a rather 
d, low figure for a 90,000-Ib. tensile steel but only 


irburization can knock down the endur- 
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17.000 psi. on “smooth turned” 6-in. diameter 
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specimens. Likewise, when a wheel is pressed design, to get away from notch effects, is Wh 
on the end of these full-sized axles and the in Fig. 7. Bolts may be strengthened by an. 
assembly tested, cracks will start at alternating ing material. We may reduce the shan! the 
stresses of 9000 to 13,500 psi., but the cracks bolt so that it can deform elastically; | ons 
do not progress and cause failure until the a and b take up the shock. In anothe: cay 
stress is increased 2500 psi. in each case. since the weakest point is in the threa¢ irill 
There are a lot of a hole down the center of th: ink 
unexplainable things in Drill —_, only (not the threaded section) Thix 
these tests, and they are an (ti) reduces the load carrying ch; te} 
mentioned here merely Me istics so that the shank is wea! ind 
to show that mass as the bolt as a whole is stronger, fo; 
well as (ime is an impor- is free to “come and go” so | the 
tant thing to consider load is not concentrated on th: ik 











when investigating 
fatigue failures —or 
better, when arranging 


) 
7 ¢ o 
hey | 
also prove the logic of 


to avoid them. 











est point in the threads. 
Similar conditions to bolt threads 
exist at the roots of gear te and 


shaft splines. Figure 8 repress 


4 











a } findings reported in Automoti; 
; ° > cc ae 4 = 
full-sized tests of auto- ——] r = Industries, Nov. 1D, 1040, bv CxUSTA 
motive axle shafts in ——3 Carvettr The stress concentratio: 
alternating torsion, factor for a normal gear-tooth is 3.5 
Fig. j Bolts Strengthened Against 


since it is evidently 


impossible to translate by Removing Metal 


RY 
a / 
Straight Sides, Ratio 21 


et. Factor 38 ys 


test results from pol- 

ished samples because of the differ- 
ent nature of the stresses (torsion 
instead of bending), the ques- 
tionable stresses due to tapered 
shaft and flanged or splined ends, 
and the non-uniform hardness 
(strength) surface-to-axis after 
heat treatment, 

We have noticed how notches 
act as stress raisers. Also, please 
note that a notch does not have to kL 
vo in; the part sticking out beyond 
the notch is the part that has done 


the damage! It has been found that 


if vou take a 1l-in. diameter shaft Fig. 8 
and find it has a certain endurance 
limit, and then turn a 1-in. shaft 
out of a 2-in. bar of the same steel but leave a 
ring that is 2 in. dia. in the center, it will break 
every time at the shoulder. It is a stress raiser. 
Shrunk-on parts, such as ball-bearing races 
and car wheels, act as stress raisers. HorGer’s 
researches at Timken Roller Bearing Co. men- 
tioned above found that vou can damage a shaft 
by shrinking on a wheel as much as by sharp 
vrooving. He has also found how to increase 
the fatigue strength of a railroad car axle by 
80°. , principally by changing the shape and size 
at and near the wheel seat. The better axle is 
only 4% heavier. 


Another example of sound reasoning in 


Fatique Under Re peated Shock 


Vormal f 


Gear Teeth 
(Solid Bar, Basis 10 


There is a series of right ang 


(Fairlie 


J 


0 Involute, Normal Fillet, Ratio 18 


I) Radius at Root, Factor 17 


, shy, "J f 
r LIVOILILE, 
VL \S 2 
J ~ 
i 


30° /nvolute, Round Root, Basis 


Splined Fithng 


Factors and Ratios Whereby Various Designs of & 
and Splines May Be Evaluated, as to Their Fatigue Rests! 


as the hob or other generating tool goes ai 
With that kind of root 
centration at that particular point is 5.0 


“radius”, the stress co 


what it would have been in solid ma 
unaffected by such grooves. 
If a oe 


of the teeth, the stress concentration is 0 


0d liberal radius is put in the | 
In other words, the teeth with round |! 
are exactly double as good as the usual | 
same material, with same heat treatment! 
fhe same remarks apply to splines 
top of Fig. 8 is an ordinary square s 
type of spline. We set up a stress 2 


what it would be without (Cont. o1 


Vetal Progress; Page 168 






Sure We’re Young 
- = but we’re Modern 


: We are young, but our approach to new and unusual problems is truly 
modern. We take pride in our reputation of providing the most modern 
equipment for the exacting needs of iadieaiow. Our success in the instrument 
field is a direct result of this modern viewpoint. 


























The first Wheelco Capacitrol was sold less than five years ago and is giving 
excellent service today. This temperature control instrument, incorporat- 
ing the now famous “Radio Principle” Control, was revolutionary in its 
design and performance. Since that time, thousands of Capacitrols have 
been placed in service. These instruments have been selected wherever 
maximum sensitivity and accuracy is essential. 


The enthusiastic acceptance of the Capacitrol led to the development of 
the Potentio-trol, the Limitrol, the Therm-otrol and other instruments. 
Today, more than a thousand models of modern, standard Wheelco Instru- 
ments are available. New instruments are being added all the time. We're 
still growing. 





— ¢ years, 7 months, 30 days 


_PHoNe = FIHERMO CONTROL DEVICES, Inc. 


1112-1114 MILWAUKEE AVE. 


CHICAGO, ILL. 


anal 
2% 10 days. Net 30 deve THERMO CONTROL DEVICES, inc 







E MAME C=ANGEO TO Date of ord 
Sold To WHEELCO INSTRUMENTS CO eer. 
— Shop Order No 657 
Shipped To Same Dare Shipped 6/L/38 
Vie 
Quansity Model | Stach No. | Des ription | | List Price | Net Price Towa! Z 





1 600 Capacitrol 
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AC Sate pbemes BATMAREEYT 08 Cable Address 


WHEELCO INSTRUMENTS CO. 
1929-39 SOUTH HALSTED STREET 
CHICAGO, LL. U.S. A 





Ou Your Order No. 124002 
Order No. 21527 Req. No 
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Send today for our new Condensed Catalog, No. Z4000, which describes and illustrates 
Wheelco instruments. Your request does not obligate you in any way. 


Wheeles Instruments Go. 


1929-33 S. HALSTED STREET e ° ° CHICAGO.ILLINOIS 
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PERSONALS 


Henry D. Bechtel @, formerly 
Mansfield, 


Ohio, is now with the Foundry 


with Ohio Brass Co., 


Equipment Co., Cleveland. 


W. L. Havekotte © has lett 
American Rolling Mill Co., 
the staff of Battelle 


Institute, Columbus, Ohio, as re- 


to join 


Memorial 


search engineer 


John P. Clark ©, 


representative of Minneapolis- 


formerly 


Honeywell Regulator Co. in Cleve- 
land, is now metallurgical sales 
engineer in New York City, New 
Jersey and Eastern Pennsylvania 
tor Park Chemical Co. of Detroit. 
Frank J. Staral @, formerly with 
Steel & Tubes Co., is now repre- 
senting Park Chemical Co. in the 
Indiana and Kentucky territory, 
with headquarters at Indianapo- 


lis 













hine Tools 





ways resulting from — 
ans troublesome cha al 
) LUBRICANT will ofte 


carrying capacity 
nically accepted = than ordinary lu- 





TICKING 
loads — ” 
A STURACO ( EP 


of over 300% mor 
bricants. m 
indle bearings and gear = 
aan tly be cooled to ope “ 
can frequently eon 


per 
iency when the prope 

nr’) PUBRICANT is applied. . é, 
this unusual principle ° 


sshing.- What 
been astonisn! ae oa 


Results from 
lubrication have 
is your tough 
phone today! 


problem? Write, 
use 


SEND FOR 
this new 20 
page booklet 
outlining labor- 
atory research be- 
hind this genuine 
development. 








(ar 
EXTREME PRESSURE 


=g;| MACHINERY 
Ey | OILS & GREASES | 


een 














aan aay on r taney 
@ Work ovt your meto! cutting problems with a 
STUART OJL Engineer. From the complete STUART 
line he'll help you choose the proper cutting oil to 
set you up for top efficiency. 


For All Cutting Fluid Problems 


D. A. STUART OIL CO. 
Chicago, U.S.A. . LIMITED * Est. 1865 


Warehouses in All Principal Metal Working Centers 
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Harry E. Orr ©, chi 
lurgist of Burnside Stee! 
Co., has 


been appoint 5 


engineer for Vanadium 


America with headqua 
Chicago 

Promoted by The Bulls +d ¢ 
Foster P. Whitworth, fr: Ssist 


ant works manager t 


manager, 


Raymond E. Christie. pr, 

ously assistant to the president 
has been elected Vice-president 
and director of the Crucible Ste 


Co. of America. 


Max E. Tatman © no 
metallurgist for the Consolidat 
Aircraft Corp., San Diego, Cali 


H. L. Nicholson @ is in t! 
metallurgical department of Oh 
Seamless Tube Co., Shelby, Ohi 


G. E. Guellich @, former 
with the George Scherr Co. 
now metallurgist of Spencer |] 


Co., Research Division, Buffalo 


M. J. Wahll @, formerly « 
ployed by Deere & Co., is now 
metallurgical inspector at 


Chicago Ordnance Division 


Norman H. Davies ©. sa 
North Ameri 


Mfg. Co., has been transferr 


engineer, the 


from the Chicago office | 
main office in Cleveland 


R. A. H. Galbraith @ is now 
lieutenant colonel associated wil 
Board | 


Kingdom and = Cana 


the Inspection 
United 
located in Ottawa, Canada 


Paul D. Strubhar ©@, forme! 
with Ingersoll-Rand Co., 
employed by Hyatt Roller 8 
ing Division, General 
Corp., Harrison, N. J 


Robert R. Allen & 
working for Wright Aer 
Corp., Paterson, N. J 


Richard B. Kropf 6. ! 
field metallurgist, Chica 
trict, Republic Steel Co 
has a similar position 
perweld Steel Co. in 
Ohio. 
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Harry J. Heuster &, tor 20 Jack H. Schaum 6, 


| ' . IN GS ( ) IN A | iy vears in the Equipment and Mate with Lewis Foundry & ’ 


rials Section of the Bureau ol! Co., is now tn the research ' 
\eronautics, Navy Department, is ment of Babcock & Wil { 
now with Reynolds Metals Co Barberton. Ohio 


aries - ‘Ter, lo rly . 
Charles H. Hoefer oe with headquarters in) Washing 


Charles C. Posner & 


superintendent of the alloy divi ton. D.C 

sion, Lebanon Steel Foundry, has signed as metallurgist y t) 
been made general superintendent W. H. Steinkamp @ has been Federal Screw Co., Det ' 
of the Duraloy Co., Scottdale, Pa transferred to Pittsburgh, where accept a position as he —— 
Harvey T. Harrison, general sales he will be industrial manager ol foreman, Saginaw Steering Ges 
manager for Duraloy, has been the Brown Instrument Division o! Division, General Motors Cor 
elected) vice-president: in’ charge Minneapolis-Honeywell Regulator Saginaw, Mich. 

— - William W. Britton has be 


made special representat 





ae the Pacific Coast territory }y 
Jessop Steel Co. of Wash 


THE AIRLESS M7 Pa. with headquarters Los 
Angeles. 
Evan F. Wilson ©, fornx 


( made chief metallurgist and as 


metallurgical engineer, has be: 

“IT CLEANS FAST!” sistant to H. J. Kerr, executiv 

FOR SPECIAL AUTOMATIC — AS WELL AS assistant of the Babcock & Wile 
ALL GENERAL FOUNDRY BLAST CLEANING Co., Barberton, Ohio 


SPECIAL BARREL Myles Morgan @&. assista 
chief engineer, Morgan Constru 
tion Co., Worcester, Mass. has 


been made a \ ice-president of tl 


























COTM pany 


Roy M. Erlandson &., former!) 
a heat treater for Bausch & | 
Optical Co., Rochester, N. ) 
now a student in the metallurg 
department, University of he 


tucks 








71 CONCERNS— including Ford, Bethlehem, Amer- os ee os 
ican Steel Foundries, Buick, Baldwin Locomotive, etc.— search in charae of the reses 
in the last six months of 1940 placed orders ranging work at the Ilion plant of | 
from $5189.00 to $37,000.00 (26 from $10,000.00 to ington Arms Co., Ine., Thi \ 
$20,000.00—11 from $20,000.00 to $37,000.00) for ss 


George Van Deventer G 


Pangborn equipment. Many others were received from 
been transterred from the ¢ 





$4995.00 downward. January and February, 1941, RPM Bee 
including March to press date, shows continued the Allegheny Ludlum St 
acceleration. 
Zay Jeffries, past pres ¢ 
Perhaps you too have an application that calls for a and consulting engineet 
ROTOBLASTING engineer's study—or a ROTOBLAST department, General Electric | 
quotation? Let us show why—for quick production, has been appointed cha 
lowest cost operation and economical service—you and William H. Eis: 
should choose ROTOBLAST. Write to Pangborn—today. national secretary &, | 
named secretary of a 











committee of the Nation 


| 
PAN CGCBOR Nii 
. substitutes for alumin 
WORLD'S LARGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT other defense metals. bv t} : 


PANGBORN CORPORATION ... HAGERSTOWN, MARYLAND Oger IES eS 
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--Do you want to 
improve machine 
performance while 
lowering costs?.. 
Climax knows how. 


Worm gears for domestic stoker drives call for 
strength plus wear resistant hardness. 

Realizing that neither failures nor noisy gears 
build good will a forward-looking manufacturer now 
casts such gears from a Chromium-Molybdenum 
0.50°, Mo) iron. A 40-50 Rockwell “C” hardness and 


MOLYBDIC OXIDE BRIQUETTES FOR THE 


Clima 


{pril, LOTT: 








high strength, after heat treating. meet all require- 
ments and have materially improved performance 
while reducing costs. 

A copy of our technical book, “Molybdenum in Cast 
Iron” will gladly be sent without charge to interested 


Production Executives. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
CUPOLA~FERROMOLYBDENUM FOR THE LADLE 


oe TWEE Yee: 
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STORAGE of SOFT DURALUMIN BEFORE PRESS! 


By J. C. Arrowsmith and K. J. B. Wolfe ment hinders production 
of the largest problems, 

»strae Oo dOoner >9 > wo > , Qh > ‘tle “Tho ’oop O . ‘ . 
soetre t f Paper bie, Institute f Me tals, 1940, entitled The l’se f fore. is the supply of a 
Refrigeration for Delaying the Age-Hardening of Duralumin-Type Alloys, : 


: ais flow r fre ion-t 
With Special Reference to the Production of Large Pressings for Aircraft lo of freshly solution 


blanks at the presses. The st} 
Due to the rapid change in within a short time. Where this ©! time that may elapse b 
ductility of duralumin-type is impossible, it has been neces-  Slution treatment and the 
alloys after solution treatment, sary to re-treat the metal. If a ing operation varies wil h 
any operations involving bending large number of parts are severity of the pressing 
or stretching must be carried out involved the second heat treat- while 2 hr. may be regard 


the maximum permissibl 





fairly easy part, a m 
increase in tendency to fi 
in the more difficult shay 
observed after half an hou 
Recent developments t] 
aircraft industry have m 
essential to reconsider th: 
sibilities of low temper 
storage of duralumin afte 
tion treatment. The main 
of the authors’ investigatior 
to determine the maximun 
perature at which a de 
increase in permissible s!| 
time could be obtained. sheets 
of duralumin (British siandar 
specification 1L3) were tested 
at various temperatures betw 
73° and O° F. The metal 
tained 4% Cu, 0.538% Mn, 0 
Mg, 0.388 Si and 0.50% Fi 
The results indicate that the: 
is always a certain int 
immediately after the norma 
ing quench in which practi 
no change in hardness 
place, the period of delay being 
greater when the age hard 
temperature is lowered 
the period of delay, age ha 
ing proceeds at a rate rela 
the temperature of storag 
rate decreasing considera! 
the maximum degree of h 
ing is approached. 
The effect of decreasi 


I HE PRESSED oS temperature of aging is ver 


nounced and it is found 


STEEL COMPANY when the temperature hs 


WILKES-BARRE + PENNSYLVANIA reduced to 12° F., the 
required for age harde! 


reach the value at which it 





Pressed Steel Company Products: Carburizing and Annealing Boxes, Thermocouple 
Protection Tubes, Seamless Stee! Cylinder Caps, Seamless Steel Neck Rings, Welded 
Alloy Tubing for High Temperature and Corrosive Application 


feres with press work h 


extended to a matter of 





The most useful and eco! 
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e for the storage of 


ed blanks is 15 to 20° 
limiting aging period 
1 be about 100 hr. and 
iable age hardening 
ur in the initial 50 hr. 


structing a refrigerator 
lumin blanks it was 
hat bright sheet metal 
{ the temperature of the 
ed for quenching after 
ing might take some 
ns ible time to assume the 
n ture of the air in a refrig- 
‘iia hamber. During this 
me age hardening effects 

nding to the intermedi- 
te t eratures would be taking 
lace hich would bring about 
reduction in the limiting aging 
eriod at the temperature of the 
efrigerator. It was found that 


clad sheets took twice as long 


( as duralumin, a_ fact 
(tributed to their more highly 


shed surface. 

It was therefore decided to 
huild inside the refrigerator a 
quid quench bath held at the 
same temperature as, or slightly 
wer than, the air temperature 
{ the refrigerator. The freshly 
rmalized (cool) blanks would 
be immediately immersed in this 
tank, where they would prac- 
tically instantaneously be chilled 

the temperature of the sur- 
unding liquid, after which they 

uld be removed and placed in 
storage racks in the main body 


efrigerator. Paraffin was 


hosen as the liquid to be used 
tT bath on account of low 


st | the fact that the film 
n g on the blanks helped 
S | the lubricant used in 
equent pressing opera- 
Vhere the 


ght be undesirable, as, 


presence of 
ple, on rivets for an 
requiring painting, 
wood aleohol or min- 
S may be substituted. 
igerator incorporating 

refinements was 
mediately outside the 
hop so as to avoid any 


een the rinsing of the 





blanks following the normalizing 
operation, and low temperature 
storage. Rapid transfer into the 
refrigerator, together with the 
quench into refrigerated paraffin, 
are both important factors in the 
delay of age hardening. 
Normalized duralumin sheet 
blanks can be stored at 15 to 20 
Fr. for periods up to four days 
without age hardening taking 
place to such an extent as to 


interfere with cold pressing oper- 


ations. The use of such a refrig 
erator in conjunction with the 
heat treatment department mate 
rially increases press efficiency 
by eliminating the delays which 
otherwise would occur when 
waiting for freshly heat treated 
blanks Fewer heat treatment 
furnaces are required because of 
the more regular flow of work 
Finally, the amount of scrap due 
to cracked or split pressings has 


been reduced 








SPEED CASE 


STEEL 


A LOW CARBON OPEN HEARTH PRODUCT 


Assures You... 





1. MACHINABILITY 





Machines as fast and free as SAE 
X1112 Bessemer Screw Steel with 
long tool life and smooth finish on 
completed parts. 





CARBURIZING 





Carburizes like SAE X1020 


PHYSICAL PROPERTIES 


Equal to SAE K1020-X1315-1115 


UNUSUAL DUCTILITY 


180° Bend (Cold Drawn -1" Rd) 


SMALLER INVENTORY 


Due to Versatility of Speed Case 





INCREASED PRODUCTION 





40% to 80% Over SAE X1020-X1314, etc. 





Licensor 


MONARCH STEEL COMPANY 


HAMMOND . 


INDIANAPOLIS . 


CHICAGO 


PECKOVER'S LTD., Toronto, Canadian Distributor 


Licensee for Eastern Stotes 


THE FITZSIMONS COMPANY 


Ochs Ech Beck 2. Paeek Bae) 








MANUFACTURERS OF COLD DRAWN CARBON AND ALLOY STEEL BARS 
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STEEL CASTINGS 


A Trade-Mark Good. for : Satisfaci ion 








be 

ti 

sh 

of 

| Sea 

A trade-mark is a litle: thi thas no particular ie 
weight. Or substance. imirins © value. But to us 7 
here at Crucible it is a sym ol he Crucible trade- . 
mark is our signature on a pledge of satisfaction to th 
the customer — of good faith to this country. Ht is our tir 
most priceless possession. For over thirty years hun- wi 
dreds of employees have contributed years of effort to an 
make the Crucible trade-mark a symbol of service, | 
quality and courtesy. For thirty years these stand- str 
ards have been basic principles of our business. We mi 
believe they should be, can be —and will be, changeless. pr 
we 


THE CruciBLE Street CasTinGc Co § , 


OF CLEVELAND 


HiGH-GRADE ELECTRIC STEEL CASTINGS 









Cleveland, Ohio Indianapolis, Indiana 
Crucible Steel Casting Company Electric Steel Castings Company 
Almira & West 84th. WOodbine 4613 Speedway. | Freee 040 
Detroit, Michigan Houston, Texas Milwaukee, Wisco Phi 
Detroit Steel Casting Company Texas Electric Steel Casting Company Sivyer Stee! Casting Com Dox 


4069-4140 Michigan Avenue. LAfayette 5710 Bringhurst & Gillespie. Fairfax 8117 1675 S. 43rd S Mitche 
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7 PURPOSE - 










Siue TIME and DELAY 
with 
STEEL CASTINGS 


The substitution of cast steel parts for ma- 
chined, forged or welded construction is 
becoming increasingly important as priori- 
ties are established. For this reason, you 
should investigate the many advantages 
offered by steel castings. 


Confronted with delays, due to the de- 
fense program, many manufacturers are 
turning to new designs, new methods of fab- 
tication, and new sources of supply rather 
than wait. They find that steel castings save 
time on machining, fitting and assembly 
while actually providing greater strength 
and safety than materials formerly used. 



























Some of these advantages are: uniform 
maximum strength with mini- 
mum weight... wide range of mechanical 
properties ... low finishing costs .. . readily 
weldable in composite structures .. . high 
fatigue resistance and long life. 





structure ... 











For definite information as to how steel 
castings can fit into your production picture, 
consult the local foundry below. 












Newark, New Jersey 


American Steel Castings Co. 
Avenue “L” and Edwards Street Market 3-5464 


Philade' >hia, Pa. Rochester, New York 
odge Stee! Company The Symington-Gould Corporation 
y MA Yfair 1650 Genesee 101 


s 


{pril, 1941; Page 177 








Front and Millard Avenue. 


Fields in Which 
STEEL CASTINGS 
Are Constantly Used 


Aeronautical 

Agricultural Machinery 

Automotive 

Bearing 

Boiler, Tank & Piping 

Bridge 

Chemical & Paint Works 

Compressors (Pneumatic) 

Conveyor & Material Handling 
Equipment 

Crushing Machinery & Cement Mill 

Dredge 

Electrical Machinery & Equipment 

Elevator 

Engine 

Fan & Blower 

Food Processing & Packing Plant 

Foundry Machinery & Equipment 

Gas Producer & Coke Oven 

Gears 

Heat Exchanger 

Heat Treating Furnace & Equipment 

Hoist & Derrick 

Industrial Tractor & Truck 

Metallurgical Machinery 

Mining Machinery & Equipment 

Navy 

Oil or Gas Field & Refinery 

Ordnance 

Overhead Crane & Charging Machine 

Paper Mill 

Press 

Printing Press 

Pump 

Railroad 

Refractory, Brickyard & Ceramic 

Refrigeration Machinery 

Road & Building Construction 

Rolling Mill, Blast Furnace, 
Plant 

Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 

Steam Turbine 

Street, Elevated, Interurban & Sub- 
way Car 

Textile Machinery 

Tractor 

Trailer & Semi-Trailer 

Valves, Fittings & Piping 

Well Drilling Machinery 


Steel 


Toledo, Ohio 


Unitcast Corporation, Steel Casting Division 


1200 N. Peoria 











POntiac 1545 
Tulsa, Oklahoma 


Oklahoma Steel Castings Company 





MICRO-FISSURES in HEAVY WELDS  ini'\c actermine en 
various heat treatments 
By John L. Miller and Lewis R. Kowac them. Multi-bead, low 


steel, metal-are fusior 
(Abstracted from Welding Research Supplement, anges 





Februare 1941, pase 114-8) in., 144 in., and 2 in. in thi Ss 
were prepared and exami 
The presence of the conical ity, especially as measured in rwo sets of welds were di 
cavities known as “fish-eyes” in terms of elongation. The authors mee — the standard welding 
test specimens made of all-weld- have attempted to find the cause ro ane ot © GSNg a apes 
metal, lowers the tensile strength of the micro-fissures (found at # high manganese content. Hall 
and adversely affects the ductil- the root of these conical cavities) of Set A was welded continuously 
and as rapidly as possible at tem. 
peratures varying from 0) ti 
20° F. No fissures were ind 


in these plates. 

With the rest of Set the 
entire assembly was « led 
before each succeeding bead was 
deposited. Fissures appeared ji) 
these plates in the recrystallized 
zone of the weld metal. They 
terminated at the line of demar 
cation between the = coarse- 


grained and the recrystallized 


zones and tapered off into th 
fine-grained weld metal Che 





greatest width of the micro-fis 
sures is usually adjacent to th: 
9 coarse-grained metal of the bead 
recrystallizati 


7 : ~ oe \” ha yrroduced I 
oft Just Keeps Rollin’ Alon: a, bead or run just below 


and leads to the belief that this 


ee ‘ ' 
lL, was the first part to be formed 
~ a oe - Ve »f “ce j iti: j ass ISS 
» 4 t ; y bees nee . = ~—_ rhe forces initiating a fissu \ 
a —— .~ propagated it, in the manner ol 
a wedge, downward into the weld 
PRODUCTION, like OF Man River, has formity from lot to lot: which means F : 
during the progress of recrystall 
to set a pace and maintain it It's a schedule maintained ‘ . 
. ot} Jarh. > raer 1] , 
double-edged problem for which weve zation. I ‘ rhaps the rec rysta IZ: n 
been supplying answers for almost a Neve backed these advantages with tion, occurring at a tempel ture '} 
century. There's an A-L. Tool Steel that dependable supply from stocks coast to where cohesive strength of th is 
we gre you performance let you set a coast, and with a Mill Service organiza- grain boundaries was low, pI 
max” schedule: perhaps even save you tion experienced in avoiding “trialk and 1 int talli I 
wom ( “er ‘reryst: » Iract 
from expanding into more plant. And errors” for vou. @ Let A-L Fine Steels uce Intercry ArEEMe . , 
the same steel brings vou complete uni- keep vou rollin’ along! rhe plate welded at 70 ! ‘} 
; ; however, had but few fissures 
ALLEGHENY Luptiw Street Corporation + Gexnerat Orrices: Prrrssurcu. Pa, a : . 
The use of a higher manganes 1 


content in the welding rod 
B was not effective in reducing 


or eliminating the micro-fissur 
x * , BUCO TO Tarrry In a weld made by an aul P 
FINE TOOL STEELS — 4 x kk : en 


matic welding machine 





SINCE 1854 
fissures were evenly dist 
Acpecuesy Loptow Sree. Conporarios throughout. Bul they, too 
Pool Steel Division, Waters let, N.Y . . : 
Seca ead: es- esas’ coll ousaak sateen Melk af aeened Maui confined to the recrys! ed 
Name area of the weld metal an: 
eee unaffected by heat treatm« 
Cin a The role played by hy ge 
—_ a in producing “flakes” in ste | has 
(Continued on page 48 
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WE \LLURGICAL 
BO\'KS 


iblished by the 
erican Society 


for Metals 
uc lid Avenue 


eV eland ( hic ’ 


PRA‘ AL METALLURGY... 
by rge Sachs, Aluminum 
Cor iy of America 

In addition to 335 general 
lustrations, PRACTICAL 

VETALLURGY contains 160 con- 


stitut | diagrams covering all 
systems that contain an impor- 
tant umercial alloy. These 
diagrams . . . the chapters on 
Plastic Deformation of Ferrous 
ind Nonferrous Metals ... and 


the chapter on Internal Stress in 
Vetals contain information not 
ivailable in any other book pub- 
shed in this country. 

570 Pages, 6 x 9, 335 Illustra- 
ons— Red Cloth Binding___$5.00 


MODERN STEELS... Pittsburgh 
lecture series. 

Twelve lectures on manutac- 
ture, inspection, treatment and 
ises of modern steels delivered 
by outstanding men in the field 
before the Pittsburgh ASM chap- 


350) Pages, 150° Illustrations, 
Cloth Binding, 6 x 9 $3.50 


VISUAL EXAMINATION OF 
STEELS ... by George M. Enos 

Macroscopic Technique, Mac- 
o-etching, and other methods of 
lesting are covered in a compre- 
hensive and fundamental way in 
this new ASM book. Emphasis 
is placed on the practical appli- 
cations of these testing methods. 


In addition to 156 helpful draw- 
ings, photographs, and charts, 
the book contains a complete bib- 
lography of books on = cracks, 
srain-size, macro-etching, sulphur 
ind phosphorus printing, ete. 

120 Pages, 156 Illustrations, 

ti $2.00 
PRINCIPLES OF HEAT TREAT- 

MENT... by M. A. Grossmann 

his popular book on the prin- 
Iples heat treatment of steels 
Nas been reprinted for the 
Secor ie. Over 100 additional 
pages e been added to present 
— 1 latest information on 
hard » hormalizing, temper- 
"G2 eat treatment. 

out ses, 170 Illustrations, 
"XD th Binding . $3.50 





FORGING HANDBOOK .. . by ENGINEERING ALLOYS ... by 


Waldemar Naujoks and Donald N. E. Woldman and A. J. Dorn- 


C. Fabel blatt 
aa ; This one-volume library of 
The first book to cover the alloy information is the accurate, 
entire forging field— including convenient solution to your most 
design, processes, materials, tools difficult alloy problems. Now you 


may have at your finger tips the 
: tradenames, the properties, the 
Extremely valuable to the composition, the uses and _ the 
manufacturers of 8206 important 
commercial alloys from all over 
the world. 


and dies, new developments, ete. 


buyer and maker of forgings. 


630 Pages, over 400 Illustra- 


; : ( . ; j ing OL : ; 
tions—-6 x 9 Red Cloth Binding 622 Pages Cloth Binding, 
$7.50 61. x 91, $10.00 








‘RES 
stings 2 NGM TEMPERAT 
tS CORROSION 


RALOY 


CHROME-IRON... CHROME-NICKEL 


CASTINGS 


bring you the assurance that 


_. for Castin 
that must resis 


only long experience can give 


The casting of the so-called high alloys is 
no exact science. Much is still to be 
learned about their behavior both while 
being poured, while cooling, and in service. 


But some two decades of commercial work 
has already been carried on in this impor- 
tant field . . . by Duraloy metallurgists and 
foundrymen *. . . resulting in much in- 
formation and unsurpassed experience. 
Thousands of Duraloy chrome-iron, chrome- 
nickel castings have established a reputation 
for quality and utility. 





You won't go wrong making Duraloy your 
source of supply for castings to resist high 
temperatures and corrosion. 





THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 
EASTERN OFFICE: 12 EAST 41st ST... NEW YORK, N. Y. 


Detroit Scranton, Pa St. Louis Los Angeles 
The Duraloy Co. of Detroit Coffin & Smith Metal Goods Corporation Great Western Stee! Company 
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HEAVY WELDS 


(Continued from page 478) 
been extensively investigated and 
consideration must be given to 
the possibility that this gas ts 
Were 


the sole or the primary cause of 


responsible. hydrogen 


micro-fissuring, actual fathures 
should be developed most readily 


at the lowest temperatures; they 


should therefore be transerystal- 
line, and the should be more o1 
less indiscriminately distributed 
throughout the — fine-grained 
reerystallized metal and the 
coarse, as-cast columnar grains. 

However, all of the fissures 
were in the fine-grained reerys- 
tallized regions and were invari- 
ably intererystalline, indicating 
that the 


occurred at ia temperature at or 


localized = failures 


above the equi-cohesive tempera- 








NOTICE TO PLANT 
ENGINEERS! 





HOW TO SAVE TIME, MONEY AND 
INCREASE PLANT EFFICIENCY! 


INSULBRIX iworease FuRNACE 


OUTPUT— REDUCE HEAT LOSSES 





INSEL LBRIN are ied Tor chireet OX pos e lo 
{leanne ariel es it tr tin itl neal 
" wt | ' ot ive ) 
femimperatul porne | V hic ol ‘ rhe 
wivantuce oO ! elract i eth 
ent isulator of low eat storage capacit 
Lighter, thinner walls of INSULBRIX heat 
Chet ried oclinminat vastetTul higt heat 
torage loss. INSULBRIEIN prod un Iles heondttions demand toda 
INSE LBRIN: save tuel me and labe crease productio mid reduce 
operating costs Phi se tacts are bused om act veal fre dpertormance, Covering 
Virlots (Vpes o rstiilliattio 


INSULAG retains InsULATING 


PROPERTIES WHERE OTHERS FAIL! 


INSUE LAG is a@superior retractor Lagevinig 
\W th Hnsurpassed nsulating propertte .  . A 
for use on high or low temperature equip 

ment. Its unusual low heat storage and ~ 


thermal conductivity make INSULAG ; 5 


most effective insulator for the control 





of temperatures. INSULAG permits re 


duction in thickness of heavy refractory walls and, in turn, decreases the 
heat capacity of the total structure Fuel sar nys, constant temperature sand 
inerensed production result from. its use 

INSEL LAG cuts heat losses recdtuces fue costs, mproves heat control! 


Write for literature. 


QUIGLEY COMPANY, Inc. 


56 WEST 45TH STREET, NEW YORK, N.Y. 
Makers of HYTEMPITI The World's Standard High Temperature Cement 


with Stocks and Service in Important Industrial Centers Throughout the United States, Canada, and 


in 32 Other Countries. In Canada Ql IGLEY COMPANY OF CANADA, Limited, Lachine, P Q 


Distributors 
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ture, and therefore aby the 
lemperature at which h 
becomes insoluble in. st 
hence dangerous as ce) 
internal pressure. 

Heat treatment at { 
tures ranging from 800° {. [7% 


FF. had no effect on the siz 


ber or distribution of the ures 
present in the diseonti usly 
welded specimens. — Fissyrpes 
already present cannot be elim 
nated by the application heat 
unless the heat is accompanied 


by working. 
The results indicate ths 
micro-fissuring is a consequene 
of a combination of external and 
internal stresses arising from 
thermal gradients between th 
weld metal and the cold meta] 
the plate proper, and (bh) t 
allotropie change from austenit 
to ferrite occurring in materi 
possessing reduced pl isticity 
because of the simultaneous 
presence ot these two phases 
differing plasticity, and the pres 
ence of impurities” both 
solution and as inelusic 
Examination of the ruptur 
region surrounding the fissu 
reveals a general condition of 1 
shortness with many small int 
crystalline failures surround! 
the principal fissure. Suet 
condition could conceivably ha 
been aggravated by the presen 
of impurities at) grain bounda 
ries. It was observed th 
non-metallic inelusions Wwe 
sometimes associated with 
micro-fissure and it is. belies 
that they are a contributing 
although not necessarily 


essential, cause of fissuri 





Micro-fissuring may lb 
mized or eliminated by r 
the temperature = di 
between the plate and th 
tallizing weld metal, et 
shortening the time betw: 
passes or by auxiliary he Fe 
the plate material. 

It is probable — th: 
thickness is a factor inf) - 
the formation of micro 
but no conclusive evide 


obtained. 





re 


/reating 


MODERN INCREASED PRODUCTION SCHEDULES 
call for varying “CASE” depths, hardness, shorter heating 


cycles and lower costs. 


PARK 


Products cover the COMPLETE heat treating field to 


meet any or all of these requirements. 


Catalogue 
/ Sopeciai s7S 


Low and high temperature drawing salts. Neutral or 
carburizing baths. Cyanide baths. High speed steel 
pre-heat hardening, quenching and casing baths 
Non-ferrous alloy heating baths Carburizing 
compounds. Lead pot covers. Quenching and 
tempering oils. Pressed steel pots and refractory 
cements. Polishing and buffing 
compounds. Grain cements 


» frailable 


_CHEMICAL COMPANY _ 


MILITARY 


AVENUE 
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YC NI : IT rebuilt’ turnaces, making either 
( ) | LE N H = A K | H low carbon or medium carbon 


heats, and having various 


(Continued from page 463) amounts of iron in the charge. 
determined that P-- 215—T 


Use the constant 192 if weights 


For hot metal practice the val- 
ues range as follows: P 26 for 
a 60-ton furnace, 22 for a 100-ton 
furnace, 19 for a 200-ton furnace, 


are expressed in gross tons.) 
When values for production 
rates P are plotted against ftur- and 14 for a 300-ton furnace. 
nace tapping capacity in net tons The same type of plotting also 
indicates clearly the greater pro- 
ductive speed of the hot metal 


(the latter to logarithmic coordi- 


nates), a straight line averages 
an 7 


the results for modern. and processes when compared to the 























These photos taken at the Despatch plant show 
how we are meeting the delivery problem. A 
greatly enlarged manufacturing floor space with 
additional modern high speed equipment, to- 
gether with additions to our administrative 
staff to assure careful supervision. More 
furnaces are produced to accommodate 
the AA and AI priority orders and 
still maintain good service on 
our regular business. All Des- 
patch designed furnaces 
will give precision per- 
formance with 


O straight line con- 
M5 trol, work 
g am, chamber 

on uniform- 

a ; ce, 
















and new op- c p> 

erating econo- 4 f 

mies. These fea- 4 ‘ ; :| 
tures and many others ¢, 


make Despatch Furnaces oe 
a popular choice for all heat S 
treating from 275° to 1200°F. QO 
in every type furnace. 






Write today for Bulletin 
No 81. It covers every problem 
of heat treating and material 
handling. i 


DESPATCI 





OVEN COMPANY, MINNEAPOLIS, MINNESOTA 
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cold metal process. Wit! 








furnaces the hot metal  roceq 
appears to be about 25 ister 
this differential app , 


decrease as the furnaces 





smaller. 


(A corollary of t! thor 
equation is that P is equa! to th, 
number of heats made in 215 }y 
operating time not counting 
bottom making and between-hea| 





delays. In other words, a 200- 
furnace on hot metal with P — j9 
would ordinarily turn oul a hy 
in 11 hr. and 20 min.) 

Fuel The fuels used ar 
quite diverse, but liquid fy 
predominates. For the furnaces 
operating on hot metal, the fu 
rates vary from 2.850 million | 
1.820 million B.t.u.; on all cold 
metal from 4.018 to 5.820 mil 
lion B.t.u. per net ton of product 
Six plants with furnaces wor! 
ing on hot metal consume les 
than 3.5 million B.t.u. per ton 
steel over a considerable nun 
ber of heats. Quite a variety 
fuels are employed but the fu 
naces, excepting the one that has 
the highest fuel consumpti 
have shallow baths. 

Twenty-five years ago tu 
rates were 6 to 7 million BI 
ten years ago 4.5 to 5 millior 
and now below 3.5 million in t! ' 
best practice. This indicates \ 
are correctly applying the theors 
of heat transfer effects. 


There are six fuels common 


used, namely, producer gas 
natural gas, coke oven gas, ti 
fuel oil, and refinery residues 
A few plants use blast furna 
gas as a part of the openheart! 
fuel. Nearly all are often fire 
in various combinations 
There are but three prin 
pal types of furnace des! 
respect to the fuels use 
type for producer gas Hring 
second for the use of blast tu! 
nace gas, fired in com! 
with a richer fuel; and 
type for the richer fuels 
These different types 
entirely to the changes 
tive volumes of the pro 
(Continued on page 
































Ab 
GP 






3 Up 


“ALLoys 





NER’ . ALLOYS 


TERS A 


unge. alone, we L. M BILL” LINDSEY ROGER D. CARVER ROGER SUTTON 
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THE QUALITY NAMES IN ALLOY pe ‘ 
FOR HEAT CORROSION ABRASION Jbd> 





(Starts on page 1O05 


combustion inherent to the com- 
position of the various fuels 


the 


nace has been liberally designed 


General Design If fur- 
accordance 


the 


ject and the proper size has been 


and constructed = in 


with our knowledge ot sub- 
selected, then the first important 


step has been taken. 
| 


Maintenance After a few 
hundred heats, the best of fur- 
nace design and construction will 
avail little if maintenance and 


repair is not carried out on a high 
plane. Rebuilds must be accom- 
plished on the premise that when 
a furnace is returned to produc- 
tion it must in all respects be as 
nearly in its original condition 
iis possible 

Control of operation, whether 


manual, instrumental or in part 





ALTER EGO: Literally 


that questions, 


ALTER EGO: Certainly the Whizz Electrocs 
demonstrator showed you speed almost 


as good as with ‘‘Fleetweld.”’ 


But the speed really was good, 


and the weld looks OK 


ALTER EGO: Yes, but, 


onstrator was good. How about the con- 


most of all, the dem- 


> 


ditions of the show 


Come to think about it—it was 


just a show 


ALTER EGO: Right. ’ IT was the work of a good, 
biased demonstrator. What counts are the 
results of our own men—the SPEED and 
QUALITY 


they can attain and main 


tain under production conditions—hour 





**one’s other self 


inspires and orrects our 


LINCOLN-<t"2-4e. WELDING. 


Largest Manufacturers of Arc Welding Equipment in the World 





*—the still, small voice 


conscious action 


after hour—d: 


Well, isn't ‘‘Fleetweld”’ just the 
ticket for that? What are we 
waiting for? 

* * 


LINCOLN SUGGESTS: Study of weld- 
ing production methods often increases 


speeds as much as 50% through the use 


of work positioning, revised technique 
or better types of electrodes. The “Pro- 


cedure Handbook” ($1.50 postpaid) 


on page 210 contains valuable infor- 


mation on this subject. Or perhaps the 
Lincoln nearby can be of 


man service 


to you. No obligation, of course. 


THE LINCOLN ELECTRIC COMPANY 
Cleveland, Ohio 
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both, must be on a pla 
mensurate with that emp! 
the furnace design and « 
otherwise 
the 
furnace may be totally | 
It these 


the furnace itselt 


tion: anv oad 


from installation of 
matters cor 
are tal 
of we then have, for an in 
operation, some other t! 
consider, among them by 

The Plant 


believed impossible to se¢ 


Layout 
maximum production 
shop unit if the shop « 
more than six or seven fi 
Every furnace has a ti 
stant at which it can be « 
on to produce steel: ext 
the 


delays of transportation 


is oltten result. of pl 


uling and charging, and 


delays mount up with th 
ber of furnaces in line 
been definitely determin: 
over a reasonable period 
as great a tonnage of st 


be produced from nin 


furnaces as could be pi 
when all 12 furnaces in a 


shop were under heat S 


seven-lturnace operat ions si 


reduce materials handli: 
nearly to zero 

Raw Material Supply 
the 


the charge becomes large! 


ratio of Iron comp 
increasingly important thal 
a product of the best bl 
nace practice possible. 
This means real inte! 


cooperation by the blast 


operator, who incidents 
some problems of his ow! 
phorus is generally will 
but the ce 


sulphur and silicon in 


jurisdiction 


is definitely in his hands 
sulphur should be th 
hearth operator’s very ! 
principal specification 

iron sh 


Low silicon 


second 


the 
tion. 


principal s 
The blast furnace 
will generally hold that 
not produce low sulphu: 

While thi 
debate, low 


(Continued ny 


con jointly 


subject to 


_ 
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As | 


Yes, THERE IS A HIGH TENSILE STEEL THAT HAS 


HIGH VON hance WZ flr V0 ant nfract 


AT BOTH NORMAL AND EXTREMELY LOW TEMPERATURES. 


N-AX 


High Tensile 















jt) [rerane 


Ree ane \ Ps] p 
ITS INHERENTLY ta ete oe | 
MAKES han = DIFFERENCE 
Ke aoe SA tS 725 ~ 


mart a Charpy K 


Tent | oe waling i 








N-A-X HIGH TENSIL1 


) will t N-A-\X HIGH TENSILI 


IWGH TENSILE you get all t vantages of Great | 
es without a ’ N-A-X HIGH TENSILE 


al Dut at extreme Ww te ot \ rat , Det t, M 


CREAT LAKES STEEL CORPORATION DETROIT, MICHIGAN 


460 Statler Office Building; Buffalo, 1000 Walbridge Building; Chattanooga, 18 Volunteer Building; Chicago, 1026 
Bu s Building; Cleveland, 820 Leader Building; Dayton, 1401 Third National Bank Building; Indianapolis, 1215-17 Circle Tower; 
polis, 714 Midland Bank Building; New York, 405 Lexington Avenue; Philadelphia, 407 Liberty Trust Building; St. Louis, 
ive Street; San Francisco, 824 Sharon Building; Toledo, 906 Edison Building. Montreal, Quebec, Drummond, McCall & 
Co., Limited; Toronto, Ontario, Peckover's, Limited 








division of A’ 'NATIONAL STEEL CORPORATION 
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OPENHEARTH 


(Starts on page 463 
iron is one of the greatest aids 
to cheap steel. 
Personnel Obviously the 


most carefully designed and con- 
structed furnace, the most pains- 
the 


materials 


takingly laid out plant, or 


finest of iron and raw 
will ‘avail little if the operation 


is not conducted on the highest 


plane by competent and _ fore- 
sighted managing, purchasing, 
operating, inspecting and main- 
tenance personnel, supported in 
the fullest degree by the corre- 


lated participating plant (blast 


furnace and blooming mill 

The consummation of the 
above 1s very difficult, for it 
means that probably at least a 


dozen individuals with widely 


assorted training and = capabili- 


ties must be so imbued with the 














Twin Recirculating Annealer 


The 


which was engineered by CONTINE 
lypical of the CONTINENTAL 
used in this installation are the 
ahove. 

Inyout embodies the 
production 


The above plant 
for the most economical 


i. Straight-through flow of 


TRACING THE PATH OF A 
SHELL 


journey of a shell casing through 
of manufacture is shown in the above lInyout of 


furnaces 
two 


material. 


CASING 





= 
aus 





Battery of Rundown Annealers 
its various steps 
a plant 
NTAL. 

equipment 
shown 


and 
furnaces 


» following features 
of shell casings. 


No or storage 


rehandling 


is required, 





3% Neo outside handling of containers. 
i. 


annealing, cleaning, or stress 


CONTINENTAL 
installations, 
information. 


has 
Write, 


engineered many such 
wire or telephone 


AOR 


1S Ban ','2 2) 5 ae Roornallg 


5244 Germantown 
Philadelphia 


SIS6 Livernois Ave. 


Detroit 





No individual handling for pickling, salt 
relieving. 


today 


economical 
for full 





CONTINENTAL INDUSTRIAL ENGINEERS, INC. 


CHICAGO, ILL. 





2016 Farragut Rd. 


Brooklyn 


Ave. 
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spirit of cooperation and 
ment as to make an 


perfect team. This is ar 


plished fact in far ¢ 
instances. 

In the collection of ires 
already given, one plan inds 
out as being far above { 1Ver- 
age. Making low carbon el i 
200-ton furnaces, the va P is 
26.3 instead of the “nor 
average 17. Time of heat is § 
hr. 10 min. stead of “‘t nor 
mal” 12 hr. 35 min. quid 
fuel is used, and consum Nn is 
2.85 million B.t.u. per tt 


steel produced, the lowest of any 


plant reporting. Its record { 


fine operation and low st 
not a sudden and unaccountah 
phenomenon but the result of 
gradual and carefully dey lope 
and executed bettermen! pl 
gram extending over more th 
ten years. 

Let us “read” the reco: 
and endeavor to find to wh 


extent this practice fulfills tl 
optimum tenets as stated 
1. The 


about 


Furnaces were « 
1930 


porate much of the design 


structed and in 


equipment that are now consi 


ered desirable. Under the de! 
nition they are “new” furnace 
and could well be placed at 50 


of ideal. 


2. The Plant has six furnac 
with ample transportation a! 
materials handling facilities. TI 


feature would rank nearly 100 


3. The Charge Averages 
96°) hot metal which contains 
less than 0.75 silicon and 
0.04 sulphur. Purchased seraj 
would appear to be below the 
mid-west average. A 90 ating 
would be conservative h 

t. The Personnel Based ot 
an acquaintance with seve! 
members of the management a! 
operating staff of this p! th 
author would express | pel 
sonal opinion that as ine luals 
they are fine executives tec 
nologists, and may be u e as 
a group. He has not the 
to suggest an order of | 
in this division. 2 


, High — 
Furnaces . 


lf ‘ou Are Building 







You'll Like 
the Features 
of ALUNDUM TUBES 


OTH in the laboratory and in commercial production, high 
temperature electric furnaces play an important part—fur- 
naces which use Alundum Tubes as the working chamber. 


Alundum Tubes are strong, to directly support the resistor wire. 
and have high resistance to abrasion to withstand the constant 
wear of taking work in and out. Their high permeability permits 
the easy maintenance of a reducing atmosphere. They have 
high refractoriness to resist deformation and to meet severe 
temperature conditions. They have high heat conductivity and 
low coefficient of expansion. They do not conduct electricity 
even at high temperatures. 







A new Norton booklet gives complete information on 
the use of Alundum Tubes, Cores and Mutffles in the 
construction of laboratory electric furnaces. Write 
for your copy of Form 458MP. 


NORTON COMPANY, WORCESTER. MASS 
New York Chicago Cleveland 


NORTON 


REFRACTORIES 
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FUNDAMENTALS OF NON-FERROUS ROLLI 


By W. F. Chubb 
The 


Vetal Industry, June 9, 1939 ; 


compacting a 


internal 


form. 


(Abstracted from 


Rolling may be a means of 


metal by closing 


cavilies, a means. ol 


reducing the cross-section or 
reducing the metal to a definite 


Energy losses occur in 


page TLL 


friction in the roll bearings, in 
strain energy in the mill parts, 
in deforming the material being 
rolled, and in overcoming the slip 
between rolls and stock. 


Numerous mathematical con- 








perth 


“f por ER 





Some foundrymen like Detroit Rocking Electric Furnaces for 
their fast melting speed. Some like them especially for their 
increased yield of good castings and improvement in the aver- 
age quality of the product. Some consider a Detroit Furnace’s 
operating flexibility its most potent advantage. As a matter of 
fact these are only three of the many advantages you get in a 
Detroit Automatic Rocking Electric Furnace. Metal losses are 
lower. Machine shop scrap is less. Savings can be made in 
moulding equipment and floor space. Cheaper raw materials 
can frequently be used to advantage. Labor costs less. 


But don’t take our word for 
these claims — find out for 
yourself. Let us arrange for 
you to see a few of these fur- 
naces in operation and talk 
to their owners yourself. Get 
the lowdown first hand from 
those who know. Write for 
further facts today. 


1) 3 T 1; (8) | T ELECTRIC FURNACE 


KUHLMAN ELECTRIC COMPANY 
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cepts of rolling have been 


oped, such as the “theory he 
friction hill” with the mo ‘ 
tions of TrRInkKs and Hrrv Ck 
and the formulas of Pavis nd 
GOoLovIN. While no one of them 
is of itself sufficient to fine 


accurately the conditions prevail- 
ing during any rolling operation, 
if viewed conjointly they provide 
a basis for an understanding 
Calculations of the pri 
that it 


longitudinal stress which carries 


ssure 


distribution show is the 
the material forward and not the 
The 


derived show that the total sepa- 


angle of friction. curves 
rating foree is reduced by back 
and front tension to 25% its valu: 
when no tension is applied 
Rolling has been regarded as 
a wedge action leading to the 
conclusion that the pressure on 
the rolls and the gripping fore 
not coincide 


on the wedge do 


This conception is based upon 


the idea that the wedge ts solid 
Neverthe- 


that 


whereas it is plastic. 


less, GOLoVIN hes proved 
wedging action does occu 


The 


also 


phenomenon of spread 
attacked 


matically on the assumption that 


has been mathe- 


rolling is fundamentally a press 
Other explana 


tions of spread on the basis 


ing operation. 


calculations lead Y 


pressure 
cally to the existence ol 
stresses at the edges ol 
spreading strip. 

the 


distributed 0. 


Because spr 
unequally 
width of the material, el 
maxi 


decreases from a 


the center to a minimun 
edge where spread is 
The chief influence o! 
revealed in its 
In the 
iron, stretching may be | 
up to 100° 


obtained 


cant is 
upon stretching. 
, and large 


are also with 
brass and aluminum. 
position of the oil is ! 


(Continued on pag 











FIRST LINE OF 
INDUSTRIAL DEFENSE 













Because of the vital part that stainless steel but the product still shows the exceptional 


is playing in defense activity, quality and quality and uniformity that come from Rust- 





uniformity are more important to users than less specialization, and that Rustless customers 
ver before. In the past, these things affected have learned they can always depend on 
profits. Now they affect the National welfare. RUSTLESS IRON AND STEEL CORPORATION 


BALTIMORE, MARYLAND 


RUSTLESS 


nes of defense against production delays STAINLESS STEEL 
BARS AND WIRE 


The Rustless plant is one of Industry's first 


id rejections. Capacity has been doubled 
PRODUCED BY AN ORGANIZATION 
id redoubled within the last six years... MAKING NOTHING BUT STAINLESS STEE! 


ES OFFICES: BALTIMORE - BUFFALO - CHICAGO - CINCINNATI - CLEVELAND - DETROIT - LOS ANGELES - PHILADELPHIA 
DISTRIBUTORS WAREHOUSE STOCKS IN 18 CITIES 














NOTES ABOUT 


AND 


was 


OF 
Twist 


YEARS 


peti OF 32 RESEARCH 
Cleveland 


experience at Drill Co. 
Joseph V. Emmons’ part in the development of the 
molybdenum high speed steels which apparently 
are destined to have an important place in national 


defense (see page 427). EmM™Mons graduated from 
National Normal University at Lebanon, Ohio, 


and did special work in chemistry at Case School 
of Applied Science. In 1909 metallurgy was only 
a small branch of chemistry, so Jor started as a 
chemist at Cleveland Twist Drill Co., and did not 
receive the title of metallurgist for quite a while. 
Some 20 years ago he was the chairman of the 
Cleveland Chapter @ (then the two-year-old 
American Steel Treaters’ Society), and in 1923 was 
national treasurer (then the American Society for 
Steel Treating). He has served as president of the 
Cleveland Engineering Society, and as lecturer on 
the metallurgy of toolsteel at Case. 


S S o 


Nathan Janco has developed several new meth- 
ods of centrifugal casting, taken out patents on 
machines and equipment, and even made castings 
authorities claimed were 
impossible to cast centrifugally. He has B.S. 
M.S. degrees from New York University where he 


which some skeptical 


and 
taught engineering for two years. For the past six 
vears he has been employed as a research engineer, 
and is now located in Tulsa, Okla. Here he organ- 
ized the Centrifugal Casting Machine Co., and also 


has a consulting engineering practice. 


JOSEPH V. EMMONS 


NATHAN JANCO 
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James L. Foster graduat 
Pittsburgh in 1918 as a 
Since then he has been with 

now Carnegie-Illinois), with 
Willys Overland Co. as metal- 
lurgist, and with Deere & Co. 
the Har- 
vester Works. At present he is 


as metallurgist in 


metallurgist for Austin West- 
Road Machinery Co., 
Aurora, Ill, manufacturers of 


ern 


road machinery, dump cars, 
mine cars, crushers, and simi- 
lar equipment. 


ad o 3 


A southerner is 
Stanley P. Watkins, 
born in Alabama in 
1904, in due time a stu- 
dent at 


Southern College. 


Birmingham- 
He 
formal 


finished his 


technical education at 
Institute of 
Pitts- 
burgh. He remained in 


Carnegie 
Technology in 
Pennsylvania several 
years longer as asso- 
ciate metallurgist in 
the U. S. Naval Labora- 


(Continued on page 492) 
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Glee they TOOLED 
wié FIRTHITE ? 


Machine Tools are only as productive as the cutting tools 
and bits with which they are equipped. For want of 
proper Sintered Carbide tools many costly machines 
may be rendered ineffectual. 

FIRTHITE Cutting Tools help to develop the full- 
rated performance capacity of modern machines. Hence 
machine tool builders will cooperate when you specify 
“delivery with FIRTHITE Tooling.” 

Thus, machine tool builders are another source of 
supply for FIRTHITE Sintered Carbide Tools specially 
adapted to their equipment. In addition FIRTHITE 
Tools are sold by Firth-Sterling plants, offices, and ware- 
houses in 9 cities and through local authorized Tool 
Makers. Or, if you prefer, FIRTHITE Tools can be 
made in your own shop in four basic operations, with 
ordinary tool room equipment. Information about any 
of these optional sources, which assure you of the 
advantages of genuine FIRTHITE Tooling, will be 
furnished upon request. 


OFFICE AND WORKS 
McKEESPORT, PA. 


BRANCH WAREHOUSES 
NEW YORK CHICAGO 
HARTFORD PHILADELPHIA 
LOS ANGELES DAYTON 
CLEVELAND DeTRorr 


{pril, 1941: Page 491 








- . sales engineer and tiie ; 
A | | | ( ) R sy in eteaieeal pene sae 
S as 


as 
Ww ww 


\s editor of the Alloys of Iron 


(Continued from page 490 Research of the Engineering 
tory at Munhall, Pa., and as Foundation since its inception in 
metallurgist for the Wrought 1930, Frank T. Sisco is largely 
Iron Kesearch Association, Pitts- responsible for a group of spe- 
burgh. In 1931 he moved to Rust- cialized technical books, as 
less Iron and Steel Corp. in exhaustive and authoritative as 
Baltimore, where he now handles is to be found. In this program 
the joint duties of metallurgist, more than 15 monographs which 





BEAUTY is more 
than skin-deep 


> of Titanium. Writ 


tically report tnat 
oto «> TEI TANIUM 


; deeply seated. Besides ALLOY MANUFACTURING CO. 





GENERAL OFFICES AND WORKS: NIAGARA FALLS, N. Y., U. S. A. 
EXECUTIVE OFFICES: 111 BROADWAY, NEW YORK CITY 
ie ee a ee a 
Representatives for Canada ee ie ae Se ee a ee 


Representatives tor Europe T. Rowlands & Co., itd. 23-27 Broombell St., Sheffield, England 
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critically review and 
the research work of tf] - 
on steels and cast irons 


published under his dire: 


editorship Sisco also four 
other books to his « ” 
author in addition to « » the 
monograph series on “ vs of 
Iron and Carbon’. Ons thes, 
is “Constitution of Stee! Cast 
Iron” published by the @ in 1939 
and others treat of the ilvsis 
of steel, manufacture « ect] 

steel, and metallurgy ir raft 
Educated at University 

nois, FRANK was che t { 


Illinois Steel Co. from ) 
1915; chief chemist and 
tendent, Hess Steel Cory 
next four years; chemist at 
U. S. Naval Ordnance 


1921; and engineer test 
American Steel & W ( 
1922-23. From 1923 to 249 


was research metallurgist 
chief of the metallurgical lal 
tory at Wright Field in Day 
He was a national direc! 
& in 1929 and has been 
and subsequently chai 
the Iron and Steel Divis 
A.L.M.E., 
°° 6 6 

The second in Gordon \ 
liams’ series of educati 
tures on “Selection of S 
Manufacturing Appli: 
appears on page 464 Gi 
biography was publish 
March issue, which ca! 
first lecture in the seri 
course was presented | 
Tri-City Chapter @ d - 


winter (Jan. 20 to Marc! 


consisted of eight lectu S 
indication of the 1 
aroused may be had 
enrollment of 260 


chapter membership ol! 
oS oS 

More practical poin 
hardenability test ar 
Walter Jominy this m 
first portion of th 
appeared in the Nov 
issue, which also car! 
outline of the auth 
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\GERSOLL-RAND’s new, Type °‘G”’ Motor- 

blowers have been designed primarily to 
verve oil- and gas-burning furnaces. Rugged 
construction gives long life and low main- 
tenance. Simplicity of design makes all parts 
quickly accessible for inspection and cleaning. 


Let us he ‘Ip solve your air proble ms. Call 


Seg N99 2 yy § 
I Ty [Vis 13 BD) wd 


or write the nearest’ Ingersoll-Rand brane h | \ I 

| 

8 ounces to 2//, Ibs. pressure 
100 to 4500 efm 


oflice for a demonstration. Catalog 2626 will be 


senton request. 


Important Features of Type “G” Construction 


(Passat in 


There are 72 sizes from which to select prices are Installation is easy. The unit can be placed wherever 
7? s : oe es are 
attractive. Careful planning for maximum interchange- most convenient. Flexible pipe connector and a built-in blast 


ability and mass production create savings which give you gate are supplied with each unit. The gate ean be locked in 
a better blower for less monev. any desired position. 
Servies Leng I 
With hype °G"’ you get full rated pressure al rated Our shrouded impellers climinate the necessity for clos 
Volume, practically constant pressure throughout the internal clearances which are expensive to maintain. Bal- 
pure oy ng range. In addition, the power consump- anced rotors are carried on greased-packed ball bearings. 
Tir 


roportionately reduced at part loads. Rolled steel casings and standard motors are used on all sizes 


The many sizes in the Type “G’’ line enable 


OR ia Fina fifa 


Knoxville Pottsville 

Los Angeles Salt Lake City 
Nework Son Francisco 
New Orleans Scranton 
New York Seattle 
Philadelphia St. Louis 
Picher St. Pow! 


1] BROADWAY, NEW YORK CITY _ 42 Pittsburgh Tulso 


Washinaton 








ROLLING 


(Continued from page 488) 
since it has been established that 
the greater the fatty acid content 
the greater is the effect) upon 
stretching. Straight lubricating 
oils are generally preferred. 

The metallurgical aspects of 
deformation have been consid- 
ered from many viewpoints. The 


face-centered metals are the most 


easily cold worked, but do not, 
however, behave alike during 
rolling, aluminum being rather 
sensitive to slight differences in 
rolling technique, while nickel 
and copper are by comparison 
very insensitive. A small grain 
size results in better working 
qualities, this being reflected 
more particularly in the produc- 
tion of better edges. The type of 
melting unit, as well as the ingot 


molds and casting practice, thus 




















@ Welding Inconel carburizing boxes at 
the plant of The Michigan Steel Casting 
Co., Detroit. These boxes are fabricated 
from !,” Inconel* sheets. Lighter boxes 
transfer heat quicker, reduce fuel con- 
sumption, step up production and furnace 
efficiency. Inconel retains a high propor- 
tion of its strength and toughness at ele- 
vated temperatures and has excellent 
resistance to oxidation and carburization 
under high heat. Finally, after long serv. 
ice life, tough Inconel containers offer 
another cash saving by bringing higher 
serap prices 





ADVANTAGES OF INCONEL | 
AT HIGH TEMPERATURES 


Maintains high strength and duc- 
tility. 


Very resistant to oxidation. Oxide 
adherent, does not readily scale off. 


Resistant to carburization. 


grasses, 


Resistant to hydrogen, cracked am- 
monia and other protective atmos 
pheres. 


Makes ductile welds, not subject to 
inter-granular deterioration. 


Free from excessive distortion dur 
ing sudden temperature changes 
due to low coefficient of thermal 
expansion. 


1 
2 
3 
4 Resistant to the effects of nitriding 
5 
6 
7 


Readily formed into complicated 
shapes. 


oo 


Mill forms and welding rod avail- 
able from mill stocks 


o 















HIGH TEMPERATURE APPLI- 


CATIONS analyzed and pictured 
in a recently printed Bulletin C-8. 
For latest facts on “High Tempera- 
ture Uses of Monel. Nickel and 


Inconel.” write to: 


THE INTERNATIONAL NICKEL 
COMPANY, INC. 
67 Wall Street New York, N. Y. 


**“Inconel” is a 
registered trade 
markof The Inter 

el 


national Nick 


Company, Ine which is applied to a nickel alloy 
containing approximately 80 nickel, with add 
tions of chromium and iror 
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becomes of primary impo - 


The electric induction f ee 


in conjunction with wate led 
molds, has gone a_ lon ay 
toward = satisfying the lo. 


mental requirements in t! \n- 
per and brass industries. 

The mode of = defor ion 
may vary from simple dis ion 
without twinning to « lex 
twinning combined wit! slip 
Each metal and alloy an 
individual study, the mode of its 
deformation depending upon its 
initial structure, and up the 
conditions of rolling. 

The study of the cerystallo- 


graphic structures of metals and 
alloys thus provides a und 


basis for explaining the many 
different behaviors exhibited dur- 
ing rolling. X-ray examination 
also shows that the diffraction 
pattern is weaker parallel to th 
direction of rolling than in 
direction perpendicular to it, and 
the corresponding effect in th 
rolled metal is that rolling causes 
the longer dimensions of — the 
embedded crystals to be fore 
into parallel alignment TI 
rolling texture of aluminu: 
per, and nickel is related to th 
superposition of two crys! 
strata, whereas the textures 
silver, brasses and bronzes al 
associated with only one of thes 
strata. An ideal condition call 
“parallelepiped detormat! 
causes the texture of aluminu! 
that is, the mean oriental: 
of the erystallites progres 
sively to become sharper wil! 
increase of pressure. 
Successful cold rolling ts 
a certain measure, de} I 
upon the proper choice of red 
tion and annealing se 
The more severe the wot gl 
lower the temperature 
recrystallization. Whi 
interatomic forces are su 
strong recrystallizatl 
place at ordinary temp 
but if the rigidity of th 
great, a large amount 
tional energy as heat 
supplied and the temp: 
recrystallization is mu: " 





























ARMAMENT PRODUCTION DEPENDS ON 
MACHINE TOOLS AND GENERAL ENGINEERING EQUIPMENT 


In the development of maximum properties parts on which the strain of over-time falls 
heaviest with MICHIANA Heat-Resistant 


in materials for machine tools and a host of 
general engineering equipment, heat treatment 
plays an all important part. 

For the furnaces and the mechanical handling 
of work through these furnaces,— heat-resistant 
alloys are absolutely essential. 

Heat-treating equipment that could stand the 
slower speed of the past few years is not ade- 
quate today when deliveries must be rushed. 

Check over your equipment and replace the 





° es e Retorts 
es $ e Pots 
of e Grids 


of e Tubes 


Alloy Castings for maximum heat-hours and 
steady production. 

MICHIANA'S 23 years of specialized experi- 
ence in the production of heat- and corrosion- 
resistant alloys is important in today's armament 
race... Our metallurgists and experienced organi- 
zation will be glad to lend their utmost assistance. 
MICHIANA PRODUCTS CORPORATION, 
Michigan City, Indiana. 


e Sprockets e Chains 


e Heat-Resistant and Stainless 
Steel Castings of all kinds 
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Washinaton 





SI ALNLESS 


(Continued from page 458) 

In another instance, in producing 
a serew machine part from the 
17 Cr-FM grade, it was pos- 
sible to make 342 pieces per hr., 
Which was 15 higher than could 
be made from S.A.E. 1112 serew 
stock. 


On the basis of the turning 


not as good as regular 18-8 and 
is considerably inferior to 18-8 
S-FM. 
ing (chip curler combined with 


However, the type of tool- 
a groove) used in this test 
favored regular 18-8. This type of 
grind removes all the chips from 
the vicinity of the tool holder and 
produces a chip which is very 
favorable when turning regular 
I8-S. While the 18-8 Se-FM 


grade shows no advantage over 





these conditions, it viel 

lustrous finish than thy pn} 
bearing I&-8. The ady 
18-8 Se-F M over regular . 
in the ability to obtain 
ishes without the seizin r 


teristic of the regular gi rl 
feature is of importance: . 


operations as drilling, 
reaming, and tapping. 
Regular grades of 


steel are difficult to ¢ 











tests given above, 18-8 Se-FM is regular I8-S when cut under polish, owing to a tend \ 
the metal particles re: d 
load up the wheel an eve 
proper contact between Orasy 
| grit and metal. Sulphur 
selenium impart “free-grinding 
properties by minimizing {| 
tendency. Apparent! the 
] a y Y Y bf > . : 
THO \] } K \() \\ effect is to cause the metal pa 
| | | roles o bre: “ree j lly 
We Ve ] | lictes to break free in small pi 
rather than drag out in string 
particles. 
» . . ‘ 
\ Free-machining © staink 
1! steels are produced primarily 
’ . . 
bar and wire form and { 
applications in practically ey 
VCINT | \T \| \| | BI ) industry. Generally they 
| utilized because of their mac! 
I \ \ \ a a a a 1! 1 y “y* ? ° ° 
ability, but non-seizing and fi 
grinding properties are im 
tant in many applications 
vl : They are used for stems, s 
Ey experience includes work under le ading and plugs in valves, mach 
metallurgists in outstanding industrial and educa- bolts and nuts, spray noz 
. ’ — sump shafts, table knives 
tional laboratories. Am able to demonstrate definite Mg, 
fittings, valve bodies and nut 
savings in time and money. Have developed an ous other applications wi 
exclusive method of accurately plotting continuous- extensive machining or gr 
. : : . Is involved and the ser\ 
line stress-strain curves simultaneously with tests. ciciaidie in diliniiiete teat 
a kn] material. (Corrosion reststa 
o ork 2 ours a day. seven days ; . 
Willing to wor | hours a day, seven days a hs te enn willl tea teeniel 
week if necessary, to provide you with permanent second article.) Many imp! 





ments have been made in 


records of every tension or compression test you ty : 
: free-machining — stainless 

make in research or production control. aheen tinier inbiiciieis anil 
has been marked by th W 


1 am the Southwark-Templin Stress-Strain adoption by industry. | 


Recorder. Write or wire for Bulletin 110-B and of these alloys are « 


' 


complete information to Dept. 728, Baldwin South- apples mele t 
tics by research and o! 
of their performance 

Undoubtedly, the ne 
will see further impro\ 
their performance art 
the correlation of labo 


wark Division, The Baldwin Locomotive Works. 
Philadelphia, Pa.: Pacific Coast Representative, 


The Pelton Water Wheel Co.. San Francisco. 


service data. 
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